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THE MICROBIOLOGY OF THE UPPER AIR^ 

Fred T. Wolf 

A most important development in the study of microorg‘anisms occurring 
in the upper air is marked by the work of Stakman et al. (1923) ,, who were 
the first to make use of the airplane for microbiological work, in colleetiiig 
fungus spores from altitudes of as much as 16,500 feet. Soon afterward, 
Mischustin (1926) isolated numerous bacteria upon plates of nutrient media 
exposed from airplanes above the city of Moscow. Although bacteria, fungus 
spores, and pollen grains compose by far the greater portion of the aerial 
flora, the finding of actinomycetes, yeasts, algae, and moss spores (van 
Overeem, 1936) at considerable altitudes has resulted in the establishment 
of aerobiology as a fertile field of microbiological research. 

The apparatus and techniques employed in collecting and studying 
organisms from the air have necessarily been diverse. Glass slides coated 
with vaseline or glycerine jelly and examined microscopically, or Petri 
dishes containing nutrient media for cultural studies have been used by 
many investigators. Among the more elaborate appliances that have been 
devised may be mentioned the ingenious apparatus for use with balloons, 
developed by Chatterjee (1931), the ^^sky hook^’ of Meier and Lindbergh 
(1935), the parachute apparatus of Rogers and Meier (1936) for collecting 
bacteria from the stratosphere, the apparatus of van Overeem (1936), and 
the bioaerocolleetor of Proctor and Parker (1938). The various types of 
apparatus, the techniques of using them, and the evaluation of data obtained 
by their use have been discussed in recent articles on aerobiologieal methods 
by Durham (1941) and the Committee on Apparatus in Aerobiology (1941). 

The results of efforts to collect microorganisms from air over the ocean 
remote from land (Bisby 1985; Meier 1936a; Meier and Lindbergh 1935; 
Rittenberg 1939 ; Durham 1941) show that organisms in the air can be trans- 
ported for long distances. Durham (1938a) has described a movement of air 
masses in which Alt ernaria spores, originating in Minnesota, were carried 
to the Atlantic and Gulf coasts in about fifty-five hours, and in which 
‘thousands of tons of mold spores were transported an average distance of 
several hundred miles.’’ 

The practical importance of aerobiologieal investigations is well illus- 
trated in the field of plant pathology by studies of spore dissemination in 
the cereal rusts made by Stakman et al. (1923), Craigie and Popp (1928), 

1 Paper presented before the Association of Southeastern Biologists in Miami, Flor- 
ida- on A -nrUi 7 1QA9 
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Petiirson (1931), and Hubert (1932). The incidence of air-borne fungus 
spores in relation to human allergy^has been extensively- studied by Durham 
(1937, 1938a) and others, while studies on air-borne pollen grains in rela- 
tion to allergic conditions in man are so numerous as to be entirely beyond 
the scope of this brief review. 

Just how far above the surface of the earth living organisms exist is still 
an unanswered question. Stakman et al. (1923) and Meier, Stevenson, and 
Charles (1933) report a decided decrease in the number of microorganisms 
above 8,000-11,000 feet. Walker (1935) failed to find bacteria above an alti- 
tude of 19,000 feet. On the other hand Proctor (1934) reported that bacteria 
and fungus spores were obtained at the greatest altitudes studied by him, 
namely, at 20,000 feet. Stevens (1936) and Kogers and Meier (1936) re- 
ported the isolation of bacteria and fungus spores from the stratosphere at 
altitudes in excess of 36,000 feet. 

In order to remain viable at high altitudes, organisms must be highly 
resistant to fluctuations in temperature, atmospheric pressure, and humidity, 
and to exposure to large amounts of ultraviolet radiation (Proctor 1934; 
Meier 1936b; Jacobs 1939). In spite of these environmental factors unfavor- 
able for microorganisms, a surprisingly large number of forms have been 
found to occur at considerable altitudes. The bacterial flora of the air has 
been investigated by Mischustin (1926), Proctor (1934, 1935), Walker 
(1935), Kogers and Meier (1936), Proctor and Parker (1938) , and Kitten- 
berg (1939). Forty-nine species of eight geneva, including spore-forming 
rods, iion-spore-forming rods, and cocci have been identified by Proctor et 
al. The fungus flora of the air is even more diverse, and representatives of 
some forty genera, chiefly Fungi Imperfecti, but also including rusts, smuts, 
aseomycetes, and Mucorales, have been found at altitudes of several thousand 
feet (Brown 1930 ; Meier, Stevenson and Charles 1933 ; Proctor 1934, 1935 ; 
Meier and Lindbergh 1935; MacQuiddy 1935; Durham 1937, 1938 ; Tasugi 
and Kurosawa 1938; Kittenberg 1939). 

MATERIALS AND METHODS 

The present studies were undertaken in order to determine the kinds of 
mieroorganisnis present at various altitudes in the air over Nashville, Ten- 
nessee, to obtain quantitative data as to relative prevalence of the various 
kinds, and to attempt to correlate these data with existing weather condi- 
tions. Six flights were made from Berry Field, Nashville, during the months 
of October, November,- and December, 1941, and January and Febritarv, 
1942., 

No exposures were made at altitudes of less than 1,000 feet, in order to 
rule out the rather large amount of contamination from the surface of the 
earth experienced below this level. The first three flights, on October 19, 
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October 26, and November 9 were made at comparatively low altitudes of 
1,000-2,000 feet, and were of a preliminary nature, devoted fo becoming 
familiar with the manipulation of apparatus, to determining proper times 
of exposure, and to gaining some indication of types of organisms to be 
found. On December 6, plates were exposed at intervals of 1,000 feet of alti- 
tude (on both the ascent and descent) up to a maximum of 10,600 feet. Simi- 
lar exposures, at lesser intervals of altitude, up to maxima of 6,000 feet and 
3,500 feet were made on January 25 and February 22, respectively. 

The technique employed consisted in exposing Petri dishes coiitaining 
ordinary nutrient agar (beef extract, 3 gm.; Baetopeptone, 5 gm.; agar, 15 
gm.; distilled water, to make 1,000 cc.). In order to guard against contami- 
nation, and also to lessen the condensation of moisture during the sudden 
cooling incident to exposure, the plates were poured two days prior to use. 
The dishes w^ere kept firmly closed, except during exposure, by heavy rubber 
bands. Exposures were made, generally for a thirty-second period, by ex- 
tending the dish at arm ’s length from the cabin wundow, removing the top 
and replacing it by hand. 

Although the plates w^ere exposed in the disturbed air in the wake of the 
propeller, it has been demonstrated by Meier and Lindbergh (1935) that the 
rush of air during the early stages of flight thoroughly removes dust par- 
ticles from the surfaces of the plane, so that contamination from this source 
must be regarded as unlikely. This conclusion is supported by the occasional 
occurrence of a sterile Petri dish, following an exposure of thirty seconds 
to the air stream, as w^ell as by the data concerning the decrease in organ- 
isms at increasing altitudes. Approximately seventy-five plates were exposed 
in the course of this work. Adequate controls were provided by two plates, 
carried along at each flight, but unexposed, in which no colonies developed 
after incubation. 

For each flight, records of the ground dry-bulb temperature, wet-bulb 
temperature (dew^ point), relative humidity, wund direction, -wind velocity, 
and cloud formations- were provided by the Weather Bureau. On the Decem- 
ber 6 flight to 10,600 feet, supplementary readings of the air temperature 
at various altitudes were obtained from a thermometer mounted on the wdng 
strut. For each plate exposed, records of the altitude, the length of the 
exposure (usually thirty seconds), and the air speed of the plane w^ere taken. 
From this information, the area of the surface of the Petri dish exposed, 
and the counts, of colonies which developed upon incubation of the plates, 
quantitative data as to the number of organisms present per cubic foot of 
air at the various altitudes were secured. 

The plates were incubated at room temperatoe for seventy-two hours, 
at which time counts were made of the number of bacterial and fungus colo- 
nies. Yeasts and actinomycetes were included with the bacteria in these 
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counts. From each macroscopieally distinct type of colony developing on 
each plate, 1:ransfers were made to riants of nutrient agar, and the resulting 
eultures were used in identification of the various organisms collected. 


BACTERIA 

Previous investigations, including those of Mischustin (1926), Walker 
(1935), Proctor (1934, 1935), Rogers and Meier (1936), Proctor and Parker 
(1938) and Rittenberg (1939), have disclosed that in the upper air bacteria 
are far more numerous than fungus spores or other organisms. Counts of 
bacterial colonies were made on all the plates exposed, and a limited number 
of them, including the plates exposed at the 6,000-10,600 ft. levels on Decem- 
ber 6, 4,000-6,000 ft. on January 25, and 2,000-3,500 ft. on February 22 
were selected for detailed taxonomic studies. 

From these plates, sixty-one isolates, representing twenty-nine distinct 
species, were identified according to the characteristics given in the fifth 

TABLE 1 

Bacteria found in the iipper air 

The figures indicate the number of isolates of each species which were identified 


Dec. Jan. 
6 25 


Feb. 

22 


Total 


Achroniohacter cystinovorim Barber and Burrows 0 

Acdiromobacter giittatum (Zimmermanii) Bergey 0 

Acliromohaeter Uquidmn (Frankland and Frankland) Bergey ...... 0 

Bacillus adhaerens Laiibacli 0 

Bacillus agri Laubaeh and Rice ; 0 

Bacillus cereus Frankland and Frankland 1 

Bacillus fusiformis Gottheil 0 

Bacillus megatherium DeBary 2 

Bacillus mesentericus Trevisan 0 

Bacillus mycoides Fliigge 0 

Bacillus suhtilis Cohn 0 

Bacillus ubicuitarius Soriano 0 

Blauobacteriim devorans {ZimmQrmmm) Bergey 2 

Flavobacteritm fuscum (Zimmermann) Bergey 0 

Flavobactermm laeunattim (Wright) Bergey 0 

Flavobacterkim sulf ureum Bergey 0 

Micrococcus aurantiacus (Schroter) Cohn 0 

Micrococcus candicans Fliigge 1 

Micrococcus conglomeratus Sligula 1 

Micrococc'iis coraUinus QwaiduTii , 0 

Micrococcus fiavus Lehmann and Neumann 0 

Micrococcus freudenreiehii GmllebQSiU ^.... '4 

Micrococcus lufeus (Schroter) Cohn 0 

Microeoccus perflavus 'BeTgej 0 

Micrococcus rosaceus Franldand and Frankland 1 

Micrococcus subcitreus Migulti 1 

Fseudomonas striata Chester 0 

Sarcina flava DeBary 2 


Serratia Plymouth ensis (Migula) Bergey ..( 1 


1 0 

1 0 

0 1 

1 1 

3 1 

2 0 

0 1 

1 1 

4 0 

0 1 

3 0 

1 0 

1 0 

0 1 

0 1 

2 1 

0 1 

0 0 

0 0 

1 0 

0 3 

1 3 

0 1 

0 1 

0 0 

1 0 

1 0 

1 0 

0 2 


1 

1 

1 

2 

4 

3 
1 

4 
4 
1 
3 
1 
3 
1 
1 
3 

1 

1 

1 

1 

3 

8 

1 

1 

1 


1 

3 

3 
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edition of Bergej'^ Manual of Determmative BaefMology. The species 
found, and the number of cultures of each which i^'ere identified, is pre- 
sented in table 1. % * 

Spore-forming rods, of the genus Bacillus, comprise 37.7 per oent of the 
cultures, while 24.6 per cent are non-spore-forming rods, and 37.7 per cent 
are cocci. A eompaifison may be made with the figures 52.2 per cent, 20.0 
per cent and 27.8 per cent respectively, cited by Proctor (1934), showing 
that fewer spore-formers and more cocci occurred among the present 
collections. 

All of the spore-forming rods collected proved to be Gram positive. Like- 
wdse all of the cocci (with the exception of two Gram variable organisms) 
were Gram-positive. Both Gram-negative and Gram-positive non-spore- 
forming rods were obtained, however, the former group being the more 
numerous. 

It is of more than passing interest to compare the present list of bacteria 
with the forty-nine species collected by Proctor (1934, 1935) and Proctor 
and Parker (1938). Eleven species; namely, Bacillus cereus, B. megatherium^ 
B. mesentericus, B. mycoides, B. siihtilis^ Micrococcus candiduSy M, coral- 
linns y M. conglomeratuSy M. flaviiSy M. perflavus, and Sarcina fiava are to be 
found in both lists. The similarities between the two studies are, however, 
greater than is shown by the number of identical species. Proctor et al. list 
three species of Flavohactermm and seven species of Achromohacfer. The 
present list includes four species of Flavohacterium and three of Aehromo- 
lacter, but no single species is common to both lists. Proctor found only two 
genera not isolated at Nashville, namely Aitrthia and and 

the present list has only two genera, Pseudomonas and Serratmy not found 
by him. If one makes allowance for the fact that the same genera may be 
represented by different species, and that many of Proctor cultures were 
isolated from altitudes greater than those studied by us, the accordance 
between the two lists is very close. 

The findings of Proctor (1934) and Bittenberg (1939) that aerial bac- 
teria generally are of types commonly found in soil or water, that they are 
in general unable to ferment the common sugars with formation of gas, and 
that they are characteristically unable to produce indol is borne out by our 
studies. ■ 

FUNGI 

One hundred and twenty isolates, obtained at different altitudes on the 
various flights, were identified to genus. Except in a few genera, identifica- 
tion to species was difficult or impossible, because of lack of adequate keys 
and of type cultures for purposes of comparison. The cultures inclucled 
representatives of one genus of Phycomycetes, one of Ascomyeetes, and 
foiudeen genera of the Fungi Imperfecti. Among the latter, most of the 
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isolates belonged to tfie families Moniliaceae and Deniatiaceae of tlie Moni- 
liales, the two families being about equally well represented. One genus 
of the Tuberculariacea^ff and one of the Phomales were also encountered. 
The various genera, next to be discussed separately, with the numbef of 
cultures studied from the various flights, are listed in table 2. 

Mucor. wo , cultures obtained ^at low altitudes oiT February 22 were 
examined by Dr. Victor M. Cutter, Jr., who found that they belong to the 
section Micromucor^ and are closely related to Miicor ramaniamis. Chlani- 
ydospores and sporangia, but not zygospores, are produced in culture. 
Species of Muoor dJidi EMzopus have been previously obtained from the 
upper air by Rogers and Meier (1936) and Tasugi and KurOvSawa (1938). 

Chaetomium. Two cultures, isolated on December 6 at altitudes of 1,000 
and 3,000 feet, were identified as C. nntromm Corda. The characteristic 
setosely appendaged perithecia, containing eight-spored asci, are produced 
abundantly in culture. This genus has previously been found in the aerial 
flora by Meier, Stevenson and Charles (1933). 

Acladixjm. a single culture, obtained from a plate exposed at 8,000 feet 
on December 6, was identified as a member of this genus. The conidia are 
hyaline, globose to ellipsoid, with smooth walls, and are borne in a pleurog- 
enous fashion on simple conidiophores. 

Aspergillus. Two species of Aspergillus w^ere isolated. On January 25, 
at an altitude of 3,500 feet, cultures were obtained of a black-spored species 
of the A. niger-gToiip, with minutely spiniilose conidia and sterigmata in a 
single series. This isolate corresponds with the description of A. liichuensis. 

A. terreus was collected twice, at 5,800 feet on January 25, and again on 
February 22 at 3,500 feet. It is characterized by yellowish brown conidial 
heads, bearing both primary and secondary sterigmata. 

Cephalothecium. Two similar strains of Cephalothechmi were encoun- 
tered on January 25 and February 22, both at an altitude of 1,500 feet. The 
mycelium in culture has a fluffy appearance, and bears capitately groups of 
two-celled pinkish conidia. The occurrence of this genus in the upper air 
has been reported by Stakman et al. (1923). 

OospoRA. A single isolate referable to this genus was collected from the 
2,200 foot level on February 22. 

Penigillium. The only specie^ of Penicillhmi to appear in the present 
collections was an unidentified form of the group Asymnietrica, obtained 
on January 25 at an altitude of 2,500 feet. 

ScopuLARiopsis. At an altitude of 1,600 feet on October 26, a single eiil- 
turn ot Scop/tdariopsis irevicatilis (Saec.) Bain, was obtained. Identification 
was made by Dr. D. H. Linder. This species, sometimes placed in the genus 
Penicillium, produces conidia of a cinnamon brown color, with wanted wmlls. 
It is known to cause infections of the toe-nails and finger-nails in man, and 
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is perhaps even better known because of its physiological property of break- 
ing clown arsenic comp onnds to liberate arsine. I 
’ Verticillium;. Six closely similar isolates of YeHicillmm were eollectecl 
on October 19, October 26, November 9, and December 6 at altitudes of 
1,000-1,500 feet. The mycelium bears numerous lateral whorled eonidio- 
phores, each of which bears a single ellipsoid conidium at its tip. ^lie eonidia 
separate so readily from the tips of the coiiicliophores that it is difficult to 
find a mature one attached in microscopic preparations. Prom the evidence 
at hand, it appears probable that Verticilliuni is almost always present in 
small quantities in the air over Nashville. 

Alternaria. Twenty-seven isolates of Alternaria were studied during the 
course of this work. This genus was collected on all flights except one. Of 
twenty-one plates exposed on December 6, Alternaria was found upon eight, 
one of wffiich was exposed at an altitude of 7,000 feet. It appears, therefore, 
that Alternaria spores are commonly present in the air in rather large quan- 
tities. This finding confirms the experience of Stakman et al. (1923), Meier, 
Stevenson and Charles (1933), Durham (1937, 1938, 1941), and Tasugi and 
Kurosawa (1938). 

Brachysporium. This genus, characterized b}" two-four celled, dark 
brown or black phragmosporous eonidia, was found only once, at an altitude 
of 1,000 feet on November 9. It has been i^eported from the air over Tokyo 
by Tasugi and Kurosawa (1938). 

Helminthosporium. In the experience of many others, including Stak- 
man et al. (1933), Meier, Stevenson and Charles (1933), Durham (1937), 
and Tasugi and Kurosawa (1938), Helminthospormm is of rather common 
occurrence in the air. Two collections on February 22, at an altitude of 
1,500 feet, indicate that the brown, multicellular, elongate spores character- 
istic of this genus do not appear to be nearly so common near Nashville as 
elsewhere. 

Hormodendrum. Twenty-four of the 120 cultures studied belong to the 
genus Hormodendrum. It was isolated on every flight with the exception of 
the one made on October 26. A culture from one of the earlier flights was 
identified by Dr. N. P. Conant. Plates exposed on December 6 at altitudes 
of 10,000 and 10,600 feet contained colonies of Hormodendrum but of no 
other fungi. The large number of isolates obtained, and the consistent col- 
lection of this genus in most of the flights indicates that Hormodendrum is 
constantly present in rather large amounts in the air. This result confirms 
the findings of many other workers, including Stakman et al. (1923), Meier, 
Stevenson and Charles (1933), Meier and Lindbergh (1935), Proctor and 
Parker (1938), Tasugi and Kurosawa (1938), Durham (1938), and Kitten- 
berg (1939). 

Macrosporium. a species of 3Iacrosporkim was collected from a low alti- 



tilde on February 22. ^Pliis genus has been previously reported from the air 
by numerous workers^ including Brown (1930), Meier, Stevenson and 
Charl'es ( 1933 ), Meier Lindbergh (1935), Proctor and Parker ( 1938 ) 
and Tasugi and Kurosawa (1938). It has been reported also from the strato- 
sphere by Rogers and Meier (1936). 

PusARiifk. No less than thirty-ftve cultures of this genus of the Tuber- 
ciilariaceae were obtained. Fusarium was found on all of the flights made 
except that on November 9. On February 22, it was collected as high as 
3,500 feet, but it appears to be restricted generally to lower altitudes. 

Although many of the cultures produce the characteristic four-celled, 
fusoid, curved conidia in abundance, a considerable number produced no 
spores whatsoever on nutrient agar. Non-pigment-produeing forms were 
most abundant. Two cultures from the flight of October 19, studied by Dr. 
C. D. Sherbakoff, were identified by him as F. reticiilaPum Mont. In addi- 
tion, a few cultures characterized by the production of yellow pigments, 
and a few producing red pigments were collected. 

Although Fusarium spores have been previously isolated from the air by 
Meier, Stevenson and Charles (1933), and Durham (1937, 1941), it would 
seem that further studies of the aerial dissemination of Fusarimn spores 
should be made b.y plant pathologists, because of the great economic impor- 
tance of diseases caused by members of this genus. 

Plenozythia. a pycnidium-producing fungus, referable to this genus of 
the Phomales, wms found at an altitude of 6,000 feet, on December 6, and 
again on February 22 at 3,500 feet. Groups of pycnidia, ivithin which im- 
mense numbers of hyaline pycnidiospores are formed, are produced on agar. 
This’ genus was found by Rittenberg (1939) in plates exposed on shipboard 
several hundred miles off the California coast. 

From the data assembled in table 2, it is apparent that species of Alter- 
naria, Fusarium^ and Hormodendritm make up the greater proportion of 
the fungi of the air over Nashville, and are practically constantly present. 
YerticilUum, also, appears to be constantly present in small amounts. The 
remaining fungi must be regarded as of sporadic occurrence. 

Proctor (1934), Proctor and Parker (1938), and others have found 
species of Aspergillus and Penicillium to make up a very large proportion 
of the fungi isolated from air. The present collections, in which only six of 
120 fungus cultures belong to these genera, is in marked contrast to these 
findings. 

It is of interest to compare the present findings with the results of 
Pennington (1940), who made daily spore counts from slides exposed at the 
ground level in Nashville. Hormodendrum, Altermria, Spondylocladm^^ 
AcrothecmmpHelmmthospormm, and Fusarium were the most abundant 
genera., lout ^mut spores, Aspergilltis terreus, and other Aspergilli were also 
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obtained. Except for collection of Spondylocladhmty Act and 

smuts, the fungi at the ground level are quite like thr^se in the upper air. 

® % 

YEASTS 

The occurrence of yeasts in the aerial flora has been reported by Brown 
(1930), Proctor (1904), and Tasugi and Kurosawa (1938). A^pink, nan- 
spore-forming species of 8accharomyces was found bj" us on plates exposed 
at 10,000 feet on December 6, and again at 5,800 feet on January 25. 

ACTINOMYCETES 

Both Mischustin (1926) and Proctor (1934) have reported that Aetiiio- 
mycetes are represented in the microflora of the air, but have not attempted 
to identify the species found. Actinomyces griseohis was isolated by us from 
a plate ex|)osed at 4,700 feet altitude on January 25, and at 2,200 feet on 
February 22. A. phaeo chromogenus occurred on plates exposed at 2,000 feet 
on February 22. 

OTHER ORGANISMS 

Meier and Lindbergh (1935) and van Overeem (1936) collected a num- 
ber of green algae and diatoms from the air during airplane flights. The 
latter investigator isolated, from an altitude of 2,000 meters, a ^^moss pro- 
tonema, which, transferred to a solid medium, has yielded fair-sized moss 
plants.’’ In the hope of obtaining algae or other chlorophyll-bearing organ- 

TABLE 2 

Summary of the 'various types of fungi collected a7id their relative 
ahunda-nce on different dates 


Oct. Oct. Nov. Dee. Jan. Feb. m x i 

19 26 9 6 25 22 


Acladium 

Alternaria 3 2 

Aspergillus 

Brachysporium 2 

Cephalothecium 

Chaeto^nium 

Fusariuin 7 11 

Eelmmthosporiuiyi 

Eormodendrim 3 5 

Macrosporium 

Mucor 

Oospora 

Penicillkim .. 

Pleno^ythia .. ..... 

Scopulariopsis A 

V erticillmm 1 2 2 

Actinomyces 

Saccharomyces 




isms, plates of a nieditini composed of a modified Detmer 's solution solidified 
by tlie addition of 1.5|per cent agar were exposed on February 22 at altn 
tildes'^ ranging from 1,0^ to 3,000 feet. These plates were brouglit into t5ie 
laboratory, and incubated for a week under condition of moderately <dow 
temperature,*^high humidity, and continuous illumination provided by a 25- 
Watt bulb,%ut the results obtained were entirely negative. 

ABUNDANCE OF THE VARIOUS TYPES OP ORGANISMS 

At the time of exposure of each plate, records were made of altitude, 
length of the exposure, and speed of the plane. Counts of the number of 
bacterial and fungus colonies were made after an incubation period of three 
days, as previously stated. Prom this information, as a basis together with 
the area of the surface of the Petri dish (9.6 sq. inches, or 0.067 sq. feet) 
calculations were made of the number of organisms per cubic foot of air, 
for each plate exposed. 

TABLE 3 

The abundance of orffajiisnu at di-ff event times, in relation 
to the tveather conditions 


Date 

Temp. 

P. 

Eel. 

humiditv, 

% 

Wind 

Organisms 
per cubic 
foot 

Bacteria 
colonies : 

% of total 

Fungus 
colonies : 
% of total 

Oct. 19 

81 

45 

NNE 5 

0.65 

61.3 

38.7 

Oct. 26 

74 

27 

S 12-13 

0.95 

88.7 

11.3 

Nov. 9 

38 

67 

W 7 

0.20 

77.7 

22.3 

Dec. 6 

42 

45 

NNW 16 

0.52a 

66.2 

33.8 

Jan. 25 . 

... 56 

37 

WSW 8-9 

0.27a 

95.9 

4.1 

Feb. 22 . 

. 52 

36 

WSW 2 

0.14a 

90.1 

9.9 


a Inasmuch as these three flights were made at higher altitudes than the first three 
the figures given are for all exposures at 1,000-2,000 feet. ^ 


It must be borne in mind that the technique emplo.ved imposes certain 
limitations. The figures refer only to viable organisms capable of growth on 
the particular medium employed under aerobic conditions. Furthermore, the 
ground speed of the plane is open to considerable inaccuracy of measurement 
because wind direction and velocity were not taken into account. 

The calculations from all seventy-six plates exposed, regardless of alti- 
tude, gave an average of 0.21 organisms per cubic foot of air. The maximum, 
of 1.19 organisms per cu. ft, was obtained on a plate exposed at 1,500 feet 
on October 26, while none was obtained on a plate exposed for thirty seconds 
at 6,000 feet on December 6. 

The data concerning the abundance of organisms at various times are 
too voluminous for detailed presentation, but a condensed summary is 
included in table 3. 

The data in the above ^ indicate fluctuations in the populations of 
microorganisms at the 1,000-2,000 foot levels varying from 0.14 to 0.95 
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organisms per cubic foot. It bas been impossible to eolrelate tiiese findings 
with tlie existing weather conditions. All flights were pade on days in which 
no rain had fallen for several days previonsh^, so tha»(^ decreases in the f)opii- 
latilns due to this factor may be ruled out. The high counts obtained on 
October 26 are probably causally related to the combination of Very dry air 
and a high wind, and it appears significant that the lowest c^)unts were 
obtained on February 22, when the wind velocity was least. It is admitted, 
however, that the atmospheric conditions at a given altitude may be very 
different from those encountered at the ground level, and that a mueli larger 
number of observations would be required to yield results of decisive value. 



Tig. 1. The distribution of organisms at various altitudes over Nashville, Tenn., on 
Dec. 6, 1941. 


The general decrease in concentration of organisms with increasing alti- 
tude is shown in the accompanying graph (fig. 1) based upon data gathered 
on the flight to 10,600 feet elevation. The entire series of exposures, on this 
particular flight was made at temperatures below freezing, with a ininimnm 
of 22° F. being recorded at 5,000 feet. The concentration of organisms fell 
sharply between 1,000 and 4,000 feet, above which altitude a small but rather 
constant population was found. 

Proctor (1934) has presented evidence for the existence of ‘‘biological 
strata’’ in which microorganisms may be present in higher quantities than 
in the air above or that below the given level, due to vertically localized 
weather conditions and air movements. This finding is borne out by results 
obtained on January 25, in which much higher counts were obtained at the 



3,000-4,000 foot levels than at either 2,000 or 5,000 t'(‘e1 fh.u-. 2). The factors 
responsible for this eppdition are as yet little niulerstood, and iniist await 
further experimentatiom ■ 

According to Proctor (1934), “the hiologi<-al inrpiilatiori of the u|jper 
air is prohahly an ever-changing one, never eoiistiint either in type or in 
distribntioii, due to the many factors wliich may iiittnah-t at the .same time.” 



0 1000 2000 3000 4000 5000 6000 

ALTITUDE IN FEET 

Fig. 2. The distribution of organisms at various altitudes over Nashville, Tenu;, on 
Jan. 25, 1942. Note the higher counts between 3,000 and 4,000 feet. 

Ill the present experiments bacteria were always more abundant tlian fiingns 
spores, and composed from 61.3 t’o 9*5.9 per cent of the total niicroflora of 
the air. The proportion of fungi varies from day to day between 4.1 and 38.7 
per cent of the total. Yeasts and aetinomycetes were never abundant, and 
together they make up somewhat less than 1 per cent of the microorganisms 
of the air. 

SUMMARY 

Studies of the microbiology of the air over Nashville, Tennessee, were 
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made by exposing Petri dishes eontainiiig nutrient agar from airplanes. 
Twenty-nine different species of baeteri^, including species of Aekromohac- 
ter, Bacillus, Flavohacterium, Micrococcus, Pseudomonas, Sarcina, and 
Serratia, were identified from the plates exposed. Spore-forming rods and 
cocci were about equally abundant, with non-spore-forming rods being pres- 
ent in lesser concentrations. 

Sixteen genera of fungi, including species of Mucor, Chaetomiuni, 
Acladium, Aspergillus, Geplialothecium, Oospora, Pemcillium, Scopulariop- 
sis, Yerticillmm, Alternaria, Brachysporium, Ilelminthosporm^^ Ilormo- 
dendrum, Macrosporium, Fusarium, and Plenozythia were found. Alder- 
naria, Hormodendrum, and Fusarium species appear to be most abundant 
and to be consistently present. 

Quantitative data were secured indicating an overall average of 0.21 
organisms per cubic foot of air. This concentration of organisms is vSubject 
to wide variation, induced by a number of factors. 

Bacteria were the most abundant group of microorganisms oceurring in 
the upper air, composing 61.3 to 95.9 per cent of the total. The proportion 
of fungi varied from 4.1 to 38.7 per cent of the total number of micro- 
organisms. Yeasts and actinomycetes were also present in small quantities. 

The writer acknowledges with thanks the assistance rendered by Dr. P. 
A. Wolf, who has identified the bacteria collected during this work, and has 
criticized the manuscript. He is also deeply appreciative of the courteous 
cooperation of Dr. N. F. Conant, Dr. V. M. Cutter, Jr., Dr. D. H. Linder, 
and Dr. C. D. Sherbakoff in identifying certain of the fungus cultures. 
Assistance in the laboratory work involved in this study was provided by 
a grant-in-aid from the Graduate School of Vanderbilt University. 
Department op Biology, Vanderbilt University 
Nashville, Tennessee 
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THE STRUCTURE AND DEVELOPMENT OF THE SHOOT 
APEX OF EPHEDRA ALTISSIMA DESF. 

Ernest M. Gifford 


INTRODUCTION 

Although the structure of the shoot apex of Ephedra aliissinm has been 
previously studied (Schmitz 1874; Groom 1885; Koch 1891), methods of 
modern micro-technique permit a more precise interpretation of the ana- 
tomical features of shoot apices. Recent work (Korody 1937; Foster 1938, 
1939, 1940, 1941; Johnson 1939; Cross 1939, 1941, 1942) shows a definite 
trend in the complexity of the apices of gymnosperms from the seemingly 
primitive types of apices of the Cycadaceae to the more advanced type of 
the Taxodiaceae. Cross (1939) has shown the apex of Taxodmm to approach 
the structural condition characteristic of the angiosperms. There is, how- 
ever, a definite gap between the two which might be suspected to be bridged 
by the apex-type or types of the Gnetales. The present study shows that 
Ephedra altissima represents such an iiitergrading form. 

MATERIALS AND METHODS 

Apices were obtained from a single plant growing on the campus of the 
University of California and from plants growing on the Anson S. Blake 
estate in Berkeley, California. Buds were collected at several intervals be- 
tween January, 1941, and March, 1941, and in January, 1942. The apices 
w^'ere killed and fixed in three fixatives primarily, viz.: (1) Zirkle’s basic 
fixative (CuCrOr, 2.5 g. ; CuO, 0.05 g. ; CUSO4, 1.0 g. ; H2O, 100 ce.). (2) 
Corrosive sublimate, 3.0 g. ; butyric acid, 3 cc. ; 70% alcohol, 100 ee. (3) 
Chromic acid (0.5 g. ; H2O, 100 cc.) — ^neutral formalin (21 cc. commercial; 
H2O, 100 ce.) ; mix equal parts when using. The latter fixative gave the best 
results. The material was dehydrated, cleared in xylene, and embedded in 
paraffin according to the method outlined by Ball (1941) . Serial longitudinal 
and transverse sections were cut from 5-8 q in thickness, stained with tannic 
acid-iron chloride, and count erstained with safranin (Poster 1934). Dra\?- 
ings were made with a 7.5 x ocular and a 54x oil-immersion objective. 

GENERAL FEATURES OP THE SHOOT SYSTEM 

Two types of shoots exist in Ephedra altissima : (1) a large type which 
constitutes most of the shoot system, and (2) a smaller, shorter-lived decidu- 
ous type which develops from the nodes of the larger shoots. At each node 
of the first and more vigorous type, there are three leaves in w8iose axils the 
second type of shoot arises. The latter possesses decussate phyllotaxis. 
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The firsf indications of growth in the spring* appear in the large type of 
shoot, wlnSse rapid growth is aeeo^npanied by the deyelopnient of the axil- 
lary, small shoots. 

The large or permanent shoots ultimately cease growth but diiring the 
growth period niiineroiis axillary permanent shoots develop at older nodes. 
The present paper does not deal with the origin of these shoots. Possibly 
the initiation of these shoots is similar to that of the ^^pseudo-endogenons” 
buds of Taxodi/um described by Cross (1939). In the present work only the 
structure of the apices of the two types of shoots are considered. 

In the present investigation it has been found that the average diameter 
of the shoot apex of 40 vigorous permanent shoots is 180 g while the height 
is 80 jj. The apex of the smaller shoot i^ossessing decussate phyllotaxis has 
an average diameter (30 apices measured) of about 110 g while 75 g is com- 
mon for height. 

REVIEW OP LITERATURE 

After the formulation of the concept of ‘‘apical cell’’ by Niigeli (1878) 
many subsequent workers attempted to find in all groups of plants such an 
apical cell from which all subsequent tissues could be traced. Nageli was 
rightfully impressed with, the regularity and sequence of cell divisions in the 
apical cell of Thallophytes and certain Bryophytes and thought that no 
fundamental difference would be found in the organization of apical tissues 
in both lower and higher groups of plants. 

In attempting to prove the doctrine of Nageli, Dingier (1882, 1886) 
stated that it was possible in Ephedra monostachya (1882) to observe an 
apical cell (Scheitelzelle) ^ which was prismatic or tetrahedral in form. 
Korschelt (1884) using E, vidgaris agreed with Dingier that an apical cell 
occurred in this genus as well as in other gymnosperms. Schwendener (1879, 
1885) concluded from his studies that the shoot apex of certain gymno- 
sperms is crowned by a group of four juxtaposed apical initials. However, 
the apical meristem of Ephedra monostachya did not have the tetrad of 
apical cells but possessed an irregular group of initials. As late as 189G, 
Douliot emphasized his firm opinion that “apical-cell segments” exist in 
gymnosperms and illustrated his belief with schematic diagrams and elabo- 
rate drawings of the cell net. 

After the announcement of the histogen theory by Hanstein in 1868, 
many workers labored to disprove the contentions of the champions of the 
apical cell theory and to show the universality of histogens. Karsten (see 
Eoch 1891) adopted the histogen theory and maintained that histogens were 
present in E , altissima. According to Schmitz (1874), however, the derma- 
togen of E. altissima, though wed defined, was occasionally interrupted by 
periclinal divisions ; and the inner tissue exhibited in no way an organiza- 
tion into a definite central plerome and surrounding periblem. In another 
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species, E. campylopoda, Strasburger (1872) stated that a coiitinuoiis pro- 

toderiXL was usually j^^eseut but that the separation of peribleiii and pleroiiie 
is hardly ever present. This observation Was confirmed by Groom (1885) in 
E. alt issinia. The next important work was by Koch (1891) who described 
for the apex of E. altissima an inner core, forming the pith, and an outer 
^^Hullgewebe,'’ the latter being more meristematie in nature. In eonfirma- 
tion of his own observations Koch (1891) pointed to the work of Sauio 
(1863) who found, besides the epidermis, in the apex of E. monostaehya a 
^^pith’’ composed of a few cells and an outer somewhat thinner-walled tissue. 
Koch ^vas the first to present a precise and accurate description of the evi- 
dent cytologieal zonation in the shoot apex of Eyliedra altissima and other 
gymnosperms. 

THE SURFACE LAYER 

The vigorous apices of both types of shoots are characterized generally 
by a discrete surface layer which may well be termed the tunica and will 
be referred to as such in subsequent discussion. Only one exception to this 
condition has been found and will be considered later. The tissue other than 
the tunica will be referred to as the corpus (Schmidt 1924). 

The usual configuration of the surface layer in the permanent shoots is 
that of a continuous layer (figs. 1, 3-11), giving rise to the future epidermis. 
The cells of the tunica often vary in size, structure, and staining qualities; 
however, in all apices the tunica is uniseriate. 

While the above condition is characteristic of the surface layer of the 
apex, one exception from a series of 40 buds has been found (fig. 2). This 
figure depicts an apex in which a periclinal division followed by an anti- 
clinal one, has recently taken place in a cell of the tunica. Thus a group of 
three genetically related cells has been produced. The cell of the tunica im- 
mediately to the left of this group has enlarged greatly and may have been 
on the verge of a periclinal division at the time of fixation. Such a tempo- 
rary enlargement of a cell of the apex probably lead some of the earlier 
workers (Dingier 1882; Korschelt 1884; Douliot 1890) to assume and de- 
scribe the presence of an apical cell. This apex represents the only clear-cut 
example of such a division, while other seemingly similar cases fail to show 
such a condition upon critical examination. It is also interesting to note that 
this bud showed very vigorous growth. This observation agrees with that of 
Strasburger (1872) who stated that in vigorously growing vegetative apices 
of E, the uppermost dermatogeii cell may divide transversely 

(periclinally) . The discovery of this example suggests that such divisions 
may occur from time to time in many vigorous vegetative shoot apices of 
E, altissima. The sub-apical divisions of these cells resulting from the peri- 
clinal divisions augment the corpus. The apical and sub-apical cells, indi- 
cated by means of nuclei in figure 2, together as a group resemble the apical 
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iiiitial gTou;p of Ginkgo hiloha described by Poster (1938). Apparently the 
formation of such a group of apical initials and then deri\mtives is asso- 
ciated witfi vigorous growth and fnay occur during a certain phase in the 
development of a particular shoot apex. 

THE SUB-APICAL REGION OP THE SHOOT APEX 

Directly beneath the tunica layer of the apical meristem lies a region 
that occupies the focus of meristematic activity. This region may be termed 
the sub-apical imHiaiion zone, and the cells composing it, sub-apical initials 
(figs. 1-11). The latter are similar in position and function, but not in size 
or structure to the central mother cells’’ of Ginkgo (Poster 1938). The 
sub-apical initials produce a central tissue zone (fig. 3), i)recursor of the 
pith, which, in very vigorous shoots, is characterized by highly vacuolate 
dividing cells having the appearance of a very sluggish ‘‘rib meristem” 
(Sehuepp 1926). The cells of the central tissue zone exhibit polarized 
growth and progressive elongation. The vSub-apical initiation zone gives rise 
also to the cells of the peripheral zone. In striking contrast to the vacuolate 
dividing cells of the pith-forming region the peripheral cells are rich in pro- 
toplasm (figs, 4, 5, 7, 8), and stain deeply; cell divisions rather than elonga- 
tion of the individual cells dominate in this region. Cortex, leaf primordia, 
and vascular tissue are ultimately produced from the periplieral zone. 

In the majority of the permanent shoot apices studied it was possible to 
distinguish one tier of sub-apical initials which seemingly were engaged in 
anticlinal divisions, contributing cells to the peripheral flanks (figs. 3, 4, 
5, 7). Directly beneath this group of initials are found the pith mother cells 
(figs. 1, 3, 4, 5, 8). The configuration as described above does not always 
exivSt, that is, an upper group of initials dividing only anticlinally. Figure 
6 illustrates a periclinal division in a centrally located initial. The same 
photomicrograph shows how difficult it is to decide wliieh initials give rise 
to the cells of the peripheral flanks and which contribute to the central zone. 

While the configuration as described above is common for many perma- 
nent shoot apices, it has been found that the sub-apical initiation zone may 
consist of two or more tiers of cells engaged primarily in anticlinal divisions 
(figs. 3, 8). 

In contrast the apices of the deciduous shoots show no orderly arrange- 
ment of the cells of the sub-apical zone. A definite cap of initials in the sub- 

Explanation of figures 1-3 

Pig. I. Median loiigisectioB of the shoot apex of an early expanding permanent 
shoot ; t, tunica; sub-apical initials; p-m, pith mother cells, x 465, PiG. 2. Median longi- 
section of the shoot apex of a vigorous permanent shoot showing evidence of a periclinal 
division in the tunica. Note also the enlarged cell of the tunica to the left; ag apical ini- 
tial, x 465. Pig. 3. Median longisection of the shoot apex of a permanent shoot during 
maximal growth; peripheral zone; g tunica; c;?, central zone, x 465. 
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apical izone is liardl}^ ever present. The apices seem to possess a small group 
of initials which divide periclinally as well as antielmally. In many apices 
(figs. 10, fl) the ceils of the pith'^forming region, oF central zone, can be 
traced up to a cell of the first sub-apical tier of initials directly beneath the 
tunica. 

In some shoots of both types, particularly in vigorous permanent shoots, 
the cells of the central zone are very regularly arranged in vertical rows. 
They have the appearance of a true “rib nieristem” (figs. 7, 8). Frequently 
this arrangement is confused by subsequent perielinal and oblique divisions 
and irregular enlargement of the derivatives of the pith motlier cells (figs. 
1, 2, 3, 6, 7). This condition is similar to that observed in the shoot apices 
of Taxoclvum distichum (Cross 1939) and Ciin/ninghamia lanceolata (Cross 
1941) ; but in contrast to the clearly defined rib meristem zone in Ginkgo 
and TJioon (Poster 1938, 1941). The pith mother cells as well as their de- 
rivatives are vacuolate, a feature common to many conifers (Koch 1891, 
Korody 1937, Cross 1939). Derivatives of the sub-apical initial cells that 
constitute the meristematic flanks undergo subsequent perielinal and oblique 
divisions (figs. 1, 2, 3, 5, 7, 8) as well as anticlinal divisions, and no clear 
stratification as observed in the tunica can be found. These divisions enlarge 
this zone considerably at the level of a newly foriniiig leaf primordiimi (figs. 
3,6,7). 

In summary, it appears that the sub-apical region of the shoot apices of 
Ephedra aUissima consist in general of three zones characterized by size of 
cells, structural and staining qualities, and type of division that predomi- 
nates. Directly beneath the tunica there is a highly embryonic region termed 
the mitiation zone from which is produced by anticlinal divisions: (1) the 
meristematic flanks^ and by perielinal divisions (2) the pith mother cells 
which give rise in turn to cells constituting the central zone or ]3recursor of 
the pith. The pith mother cells do not maintain their position indefinitely 
but are ultimately incorporated in the pith; this is followed by a new pro- 
duction of pith mother cells from the tier or tiers of sub-apical initials 

Explanation of figures 4-11 

Fig. 4. Longiseetion of shoot apex of an early expanding permanent or large shoot 
showing a clearly delimited tunica and sub-apical initial group, x 405. Fig. 5. Longisee- 
tion of shoot apex of a permanent shoot in nearly the same growth phase as fig. 1. x405. 
Fig. 6- Longiseetion of shoot apex of a permanent shoot showing a perielinal division in 
a sub-apical initial cell directly beneath the tunica, x 405. Fig. 7. Longiseetion of shoot 
apex of a permanent shoot in maximal growth. Note the great width of the apex. x405. 
Fig. 8. Longiseetion of a permanent shoot apex in maximal growth illustrating the well 
defined tunica and stratified nature of the sub-apical initiatioii zone. x 405. Fig. 9. Longi- 
seetion of a permanent shoot apex near the cessation of growth. Note the highly vacuolate 
condition of all the cells. x405. Fig. 10. Longiseetion of an apex of the small type of 
shoot showing the discrete tunica, x 405. Fig, 11. Longiseetion of the shoot apex of the 
small type of shoot showing the extent of a row of pith forming cells, x 405. 
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directly beneath tht| tunica. The initiation zone must be regarded as a 
dynamic and changing entity, governed undoubtedly by voluine-surfaee 
relations. - / 

t 

SEASONAL VARIATION IN THE STRUCTURE OF TIW SHOOT APEX 

r. 

It was possible on the basis of this investigation of the shoot apex to 
construct a series showing the changes in structure and configuration of the 
apical nieristem during the course of development of a permanent shoot 
apex. 

Figures 4r~9 represent a develoi^mental series beginning with the initia- 
tion of growth, through maximal development, and ending witli the cessa- 
tion of growth. 

It has been found that in early expanding shoots the apex is relatively 
small, yet shows discrete tunica and corpus regions (figs. 1, 4, 5). As growth 
proceeds, the apex becomes more voluminous because of the tendenej" toward 
an increase in the width of the central zone or pith-forming region. At a 
still later period the peripheral zone becomes more stratified (figs. 3, 8) and 
the central zone assumes in many apices the configuration of a rib meristem. 
The arrangement of the cells of the sub-apical zone in tiers gives a massive 
appearance to the apical meristem. It is during this vigorous growth phase 
that the one exception to the continuous uniseriate tunica was observed. 
During this period periclinal divisions probably occur in the tunica from 
time to time in any one particular apex. At the same time the central zone 
increases decidedly in width (fig. 2) and a rapidity of division of the de- 
rivatives of the pith mother cells follows. As growth begins to decline the 
reverse of the above sequence of events takes place, the configuration becom- 
ing as in figure 9. The initiation zone is reduced to a few highly vacuolate 
cells which sluggidily continue to produce the two zones. The pith becomes 
narrow and the elongation of its cells dominates over cell division. The cells 
of the peripheral flanks likewise increase in size and tend to become more 
vacuolate in nature. 

DISCUSSION 

The present study does not support the view that Ephedra altissima has 
has an apical cell. In only one of the apices studied was there an indication 
of a cell that could be interpreted as an apical cell (fig. 2). Possibly the 
temporary enlargement in depth of a single cell at the apex as is seen in 
this figure lead Douliot, Dingier and Korschelt to assume the presence of 
a single apical cell in the terminal meristem of Ephedra as well as in the 
apices of other gymnosperms. The observations of the writer, however, agree 
in some respects with certain of the earlier investigations. Figure 4 illustrates 
a condition resembling that described by Karsten (see Koch 1891). Accord- 
ing to Karsten the '^plerome’’ ended in one cell and the dermatogen and 



si^, as emphasized by Schmitz (1874) and Groo?n (1885), is well lllus- 
trafed in figs. 2, 6, 11. The type with a central tissue surrounded, by a “Hull- 
gewebe” as described by Koch is found in figs. 2, 3, 7, 8. 

^ In recent years curtain workers (Korody 1937, Hartel 1938) have at- 

tempted to homologize the corpus of the anfiospermous apical ineristeiu to 
the entire shoot apex of certain primitive vascular plants sueh as ni, 

A critical examination of this viewpoint has already been undertaken by 
Poster (1938, 1939b) and Cross (1939, 1941, 1942). The former (1938) 
came to the conclusion that the apex cannot be looked upon in sue}i a liglit 
because such a concept is “based upon too rigid a niorphoiogieal distinc- 
tion.” In Poster’s opinion the tunica and corpus represent “interdependent 
growth zones” and as such one cannot exist without the other. It is also 
important to emphasize that while a virtually “stabile” tunica occurs in 
Ephedra altissima, the peripheral zone is only vaguely stratified. “Pi*om this 
standpoint, the evolution of the angiospermous type of shoot apex may have 
involved an ever increasing emphasis upon surface growth throughout the 
apical and peripheral regions of the meristem.” (Poster 1939b), Accepting 
these two postulates we are led to the concept that through phylogeny there 
has been an increased stimulus to “surface growth” bringing about the 
tunica-corpus condition as typified by angiosperms. 

Thus a series can be made from the massive condition as exhibited by 
Cycas revoluta (Poster 1939a, 1940) to the more refined tyx)es which exhibit 
to greater or lesser degree the tunica-corpus condition. Some very interest- 
ing points of a comparative nature have been brought out by Poster (1941b), 
who points out that the AMes vemista type of apex is common in the 
conifers; that is, the type characterized by the presence of an outer 
peripheral zone composed of actively-dividing cells from which arise the 
epidermis, cortex, leaf primordia, and pro vascular tissue; and an iiiner core 
or central-zone, the precursor of the pith. These zones arise from an ill- 
defined sub-aj)ical zone which in turn has arisen from derivatives of apical 
Initials. Araucaria hidwilU on the other hand has a more regular surface 
layer. Eecently Cross (1939) has found a clearly delimited uniseriate 
tunica and central corpus in the permanent shoots of Ta.rodium disfichian. 
A similar condition was found by the same author (1941) for the shoot ax)ex 
of Cryptomeria japonica; however, more periclinal divisions were observed 
in the surface cells of the apex of this plant. In the writer’s opinion the 
condition exhibited by Ephedra altissima represents a still furthei* advance 
in the attainment of the two morphologically independent zones, tunica and 
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“periblem” each consisted of one layer of cells rlnr the apex. That 
“plerome” and “periblem” may not be sharplv defined in Enhedra altis- 


eorpus. 
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SUMMARY' 

The eyto-liistolog'ieal features of the shoot apices of the two t>'])es.()f 
shoots found in Ephedra altissmia are described. Tlie api(-al nieristem/'.of 
all shoots inyestigated except one are characterized by a uniseriate tiiiu('a 
and a corpus region. One vigorous permanent shoot apex {^xhiliited a peri- 
clinal division in the tunica at the summit of tlie apex. 

The sub-apical portion of the apical meristem consists of a, sub-apical 
initiation zone which is the focus of growth and may show a regularity of 
structure at times. This region gives rise to a central tissue zone and a 
peripheral tissue zone, each characterized by specific characters. The 
initiation zone produces ^'pith motlier cells’^ whicli divide for a period of 
time but ultimately are replaced by new pith mother cells from tlie initiation 
zone. The peripheral zone increases in width b.y perielinal divisions as well 
as anticlinal divisions. Derivatives of this region form the cortex, leaf 
primordia, and provaseular tissue while the epidermis is derived from the 
tunica. 

A comparison of the structure of the shoot apices of Ephedra altissima 
with that of other gymnosperms, leads to a conclusion that the apical 
meristems of this species represent an advanced condition in this group of 
jilants. 

The writer is grateful to Dr. A. S. Foster for liis guidance during the 
research. Thanks are due also to Mr. Louis Erickson for assistance in prepa- 
ration of the photomicrographs and to Dr. K. Esau wdio assisted in the 
preparation of the manuscript. 

Department of Botany, University of California 
Berkeley, California 
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POLYPLOIDY IN SEDUM PULCHELLUM— I. ■ 

CYTOGEOGRAPHY" 

J. T. Baldwin^ Jr. 

This paper presents the chromosome nximbers and geographic oecnrreiice 
of three polyploid races of Sedum pideheUiim Miehx. as revealed by routine 
CAdologieal analysis of the species at representative localities in its dis- 
tributional area. 

Michaiix (1803) described S. lyulchellum from ^^cirea KnoxvUk\^^ with 
no mention of the life-length of the plant. Prom this record Piirsh (1814), 
in spite of having seen neither living nor dead specimens, indicated the 
species to be perennial. The xvriter knows the plant thronghoiit its 
geographic range only as a winter annual, white- or pink-flowered. Wherry 
(1934), however, reviewed the history of a horticiiltural perennial of un- 
known origin that has long been identified with the above species. Niittall 
(1818) confused S. pidchelhini with a perennial later designated S, nevii 
Gray, and under this latter name, since 1858, two perennial sedums of the 
Appalachian Mountains have been, passing (Baldwin 1942a). Torrey and 
Gray (1840) questioned the perenniality of 8. pnlchellmn but accorded it a 
range xvhich shows that in their concept of the species they iiicorporated 
the twT) perennials of the S. nevii group. The reason for the confusion ( which 
continues up to the present) of the identity, range, and life-length of these 
plants lies in the fact that the juvenile stages of iS. pidchellum — lasting from 
fall until spring, when flow-er-bearing stems are prodpced, spatulate leaves 
are lost, and linear, subterete leaves are developed — that these stages strongly 
resemble the nonfiowering plants of the /S. nevii aggregate. 

Plants and/or seed of 8. ptdchelhim from forty stations typical of the 
specific range, seed from four herbarium sheets in the Field Museum, and 
plants and seed from a huge, self-perx^etuating population at The Blandy 
Experimental Farm in Virginia have supplied material for cytological study 
(see table 1). Plants and seedlings were grown in the University of Michigan 
Botanical Gardens. Chromosome counts for the forty-five collections were 
made from aceto-carmine smears of roots and leaves, and, in a few cases, 
from Nawaschin-fixed, crystal-violet-stained sections of roots; also, for 
certain collections of each chromosome-number race, gametic counts were 
made from aceto-carmine smears of pollen mother-cells. 

1 Paper from the Department of Botany of the University of Michigan, No. 802. 
Supported by the Paculty Beseareh Fund, Project No. 569. 

Publication of the illustrations was assisted by the LuCien M. Underwood Memorial 
Fund. 
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A polyploid series was established for the species: ^veiity-six collections 
we^ diploid— 2 m = 22, « = 11 (figs. 1-3); sixteiiii. tetraploid— 2nfc44, 
m.^ 2 (figs. 4r-6) ; three, hexaploid — 2 h. = 66, » = 33 (figs. 7-9). Mnltivalent 
associations characteristic of high polyploids with small chromosomes are 
usually present during meiosis of the tetraploid and hexaploid iilants. This 
doubtless accounts for the existence of atypical plants with 2H-numbers of 



Pigs. 1-9. Chromosomes of Sedmn pulcJielhim at mitotic and meiotie (I and II) meta- 
phases. Pigs. 1-3. Diploid: 2n = 22, 71 = 11. Pigs. 4-6. Tetraploid: 2« =44, n-22. Pigs. 
7-9. Hexaploid: 2n = 66, 7 i = 33. All, ea. x 1085, from smears: relative sizes of cells are not 
strictly accurate ; cell outlines in figs. 1, 2, and 4 were selected to accompany the meta- 
phases drawn. 

64 and 72 as found by the writer in the population at Blandy Farm. At first 
meiotie metaphase of tetraploid and hexaploid plants the chi-omosome num- 
ber is difficult to determine because of the grouped associations — which may 
often be secondary rather than primary, but at second meta, phase counting 
is comparatively easy. All the plants are highly self-fertile. 

The accompanying map (fig. 10) shows the distribution of the species 
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TABLE 1 


CoUectdona of Sedum piilchellum for which chromo.some nim'bern were determined ,, 


^ Source 

2n-numl)er 

C'olkH'tor 

Missouri t.' 

Polk Co.: Burns 

22 

J. J. Sfri/cvmdrl: 

Camden Co.: Bannister 

^ 22 

J. I . aS' t ('If c r )) i a rl: CSS 0 

Cedar Co.: Tilley 

22 

J . A . fci/cr }}ia rt .274 Co 

Moniteaii Co. : Jamestown 

22 

J. ^1 . Streermar't .24SS6 

Stone Co.: Galena 

22 

BiicGi) 

Jasper Co.: Joplin 

22 

B & G 

McDounld Co.; Noel 

22 

B&G 

Arkansas 

Lawrence Co.: Imbodeii 

22 

B & G 

Lawrence Go. : J esup 

22 

B&G 

Carroll Co.: Busch 

22 

B & G 

Carroll Co.: Eureka Springs 

22 

B & G 

Sharp Co.: Shelby ville 

22 

B & G 

Independence Co. : Batesville 

22 

B&G 

Boone Co. : .Francis 

22 

B & G 

Washington Go.: Fayetteville 

22 

B & G 

Benton. Co. : 

22 

B, G & D. M. Moore 

Benton Co.: 

22 

I). M. Moore 

Pulaski Go. : Little Eoek 

22 

I) el zi,e D ema ree 

Oklahoma 

Carter Co.: Ardmore 

22 

Alilton Hopkins 

Alabama 

Madison Co. : Monte Sano 

22 

R. M. Harper 

Tennessee 

Knox Co. : Knoxville 

22 

J. T. Baldwin, Jr. 

Jackson Co. : .Eoaring Biver 

22 

B&G 

Bedford Co. : Shelbyville 

22 

B & G 

Rutherford Co. : near Bedford County line 

22 

B & G 

Rutherford Co.: Mnrfreesboro 

22 

B, S & He 

Sumner Co.: near Goodlettsville 

44 

B, S & H 

Cheatham Co.: 

44 

Jean M. Campbell 

Davidson Co.: Kashville 

22 

B, S & H 

Davidson Co. : 14 miles w. Nashville 

44 . 

B, S & H 

Davidson Co.: 12 miles s. Nashville 

44 

J ean M. Campbell 

Davidson Co. : Nashville 

66 

B, S & H 

Wilson Co, : Lebanon 

66 

B, S & H 

Wilson Co. : Lebanon 

66 

L. M. Dickerson^t 

Wilson Go.: Cedar of Lebanon State Park 

44 

B,S&H 

Kentucky 

Payette Co.: Elk Lick Falls 

44 

Mary E. Wharton 

Fayette Co.: Raven Creek 

44 

B, S & H 

Anderson Co.: Tyrone Bridge 

44 

B, S & H 

Woodford Co.: Camp Offut 

44 

B, S & H 

Mercer Co. : Shaker Town 

44 

B, S & H 

Clark Co. : Lower Howard Creek 

44 

B, S & H 

Jessamine Co.: Wilmore 

44 

H. T. Shacklette 

Caldwell Go. : Princeton 

44 

A. M. Harvill 

Simpson Go.: 

44 

B, S & H 

Illinois 

Union Co.: Cobden 

44 

B&G 

Jolmson Co. : Sanburn 

44 

B&G 


a Seed from herbarium specimen in Field Museum. 

J. T. Baldwin, Jr., and Walton 0. Gregory, 
c J. T. Baldwin, Jr., H. T. Shaeklette, and A. M. Harvill. 
d Transplanted to The Blandy Experimental Farm in Virginia about 1930, 
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and of its races as known to tlie writer by the collections listed lu table 1, by 
specimens in certain lim^baria,^ and by eounty-colleetion re(‘ords pf Palmer 
and Steyermark (1935) for Missouri. The species occurs from Dade County. 
Georgia, and Madison County, Alabama, through Tennessee and KentiU'ky 
to Union and Johnson counties, Illinois, and, west of the iMississippi River, 
through much of Missouri and Arkansas into Kansas, Oklaiioma and Texas. 
(Steyermark (1942) has written an extended note on the oecurrence of S. 
pulchelhmi in Missouri.) The present cytologieal data indicate tliat oniy 
the diploid is found in the western and southern parts of the specific area, 
that only the tetraploid occurs from northern Tennessee through Kentucky 
and in Illinois, and that the hexaploid exists only in northern Tennessee in 
the region of contact between the other two races, being found, for example, 
on the grounds of Cumberland University at Lebanon, Tennessee. Tlie 
diploid, and supposedly oldest, race is the most extensively distributed. It 
is logical to consider that the tetraploid arose from the diploid by eliromo- 
some doubling, and, similarly, the hexaploid from an inter-racial triploid. 
(One would not expect to find an annual established as a triploid: survival 
of an annual is normally dependent on regular meiosis.) The evidence is that 
the tetraploid moved northward, and, thus, into the only ecologically suit- 
able territory^ that was nearby and not already occupied by the species. To 
attempt, as yet, a statement of the direction of migration of the diploid is 
hazardous. 

8, ternatiim^ the only other species of Sedu-m for which an intensive 
cytogeographic study has been made, is, with respect to the conditions just 
enumerated for 8. pulcliellum, quite different (Baldwin 1942b). It is peren- 
nial. Its races can maintain themselves vegetatively. Its diploid race is re- 
stricted to a limited area from which the tetraploid has spread radially 
throughout the specific range. A hexaploid race is known from one station, 
that being at the southern edge of the range of the species and near the 
tetraploid. A triploid is known from two places: in West Virginia where 
both the diploid and tetraploid have been found, and in North Carolina 
where both these other races might be expected to occur. But 8. fvnuifum 
and 8, pidchellum have this in common : the tetraploid race, once established, 
has in each species been more evolutionariU effective than the dijiloid; the 
tetraploid in both eases migrated into new territory. The direction of migra- 
tion, as is generally true, was determined by the whereabouts of accessible 
and ecologically suitable territory. Tetraploid 8. fernatuvi accordingly 
spread iii all directions ; tetraploidA?. pvJcheUum weid- ^ 

2 xjiiited States National Herbarium, and herbaria of the Field Museum, the New 
York Botanical Garden, the University of Arkansas, the University of Tennessee, the 
University of Kentucky and the University of Michigan. It was a privilege tu exainiiie 
the specimens. 

^ sdp'idcJieUwm is most on limestone, but also ... on granitic 

and siliceous rocks’^ (Palmer and Steyermark 1935), 
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In the southeastern part of its geographic area pulchellum extends 
into the ggneral range of true 8. nevii Gray, whicdi has 12 somatic, 6 gametic 
chromosomes (Baldwin 1942a). The 8 . nevii alliance, as stated above, is 
often confused with /S. pulchellum. For example : Dr. R. M. Harper sent the 
Avriter living specimens of a sedum from Monte Sano, Madison County, Ala- 
bama ; study shoAved it to be diploid 8. pulchellum, but Doctor Harper (letter 
of February 19, 1941) Avrote everybody A\dio has passed on my Monte Sano 



plant so far has called it 8. nevii.” And so identified one finds it in the her- 
baria (R. M. Harper 3780). In the western part of its area, from Missouri 
and Kansas to Texas, 8. pulchellum overlaps the range of R. mittallianum 
Raf., which has 20 somatic, 10 gametic chromosomes.^ The dead, fruiting 

4 The writer (1940) reported. 8. nuttalUanmn from near GeorgetoAA’n, Texas, to have 
these numbers. The somatic number has been corroborated by him for a eolleotioii made, 
j- TAnc.tnrs Walton 0. Greeory and D. M. Moore, in Benton County, Arkan- 
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plants of this latter species, a yellow-flowered winter ( ?) annual, snper- 
fieially resemble the fruiting stems of S, pulcheUum. Of c(mrse tl^ey can be 
distingnished without difficulty, but they do look somewliat alike, and iiot 
infrequently they are confused in herbaria. The species sometimes grow to- 
gether, for example, in Benton County, Arkansas. The suggt^stiou coim^s to 
mind, then, that true S, nevii is an expression of a d-chromosome 1emUnu*y 
in evolution and S, nuttallimium, as Baldwin (1940) concluded, of a o-Oiro- 
mosome tendency and that S. pulchellum arose as an ampliidiploid result of 
the fusion of these two trends in the development of tlie genus. The one 
tendency dominates the characters of the juvenile plant and (^‘nis(*s con- 
fusion with S. nevii; the other dominates the characters of tlie seiies(^ent and 
dead plant and causes resemblance to mittalUamm. Ac<'ordingly, S', /ufh 
clielhmi is to be interpreted as an amphidiploid that has undergone auto- 
polyploidy to produce 44- (amphitetraploid) and 66- (ani])lii]iexa})loid ) 
chromosome races. This latter plant, with 33 gametic chromosomes, is a 
high-numbered annual. Mtintzing (1936) studied statistically chroiinisome 
numbers in forty-eight genera that include species with different life lengths ; 
Sedtmi is, obviously, such a genus. He found: ‘AYith regard to the annual 
and perennial series it is striking that all species with the haploid iiumbers 
ranging from 40 to 105 are perennial.’^ 

Under uniform conditions the ehromosome-number races of S. pidchvUuin 
are morphologically ditferent, but nevertheless, since tlie^widter did most of 
his collecting of the species in the summer, when the plants were dead, he 
does not know whether or not the races can always be distinguished under 
field conditions. Judging by cytogeographie evidence alone, one would say 
that Michaux used the diploid as type material (from Knoxville) for this 
species and that John K. Small used the same race as ty])e material (from 
Eising Fawn, Dade County, Georgia) for S. vigilmontls. This latter {ilaiit, 
as pointed out by Wherry (1935), is clearly referable to kS. pulclNilKhi. 
Froderstrom (1935), in his monograph on the genus, recognized SmalFs 
species, with the qualification, however, that it is ‘‘perliaps but a local va- 
riety’^ of S. piilchellimi. The late Doctor Jennisoii, on an heT*barium sheet 
of S', piilchellum at the University of Tennessee (Jf. 31, Jeiuii.son HJS, Knox- 
ville city limits, May 28, 1938), wrote : ''approaching S. vigilimontis Small— 
the which I do not think is a good species— but only a variety.’’ The writer 
found plants at this Knoxville station, which must be near the type locality 
for S, piiUheMnm, to be diploid. The judgment that Small’s plant also be- 
longs to the diploid race may be tested by measurement of the ty])e and also 
by determination of the chromosome number of plants at Rising Fawn, 
Georgia. Torrey and Gray (1840) state that Nuttall gave a manuscript name, 
8. Imifolium, to a form of 8, pnleJieUmi m xlrkansas. Again, on cytogeo- 
graphie data, one considers that the plant in question was probably diploid. 
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. SUMMARY 

Forty-five colleetioiis of S. pulchelliim, from representative places in tlie 
specific area, were examined cytologically : twenty-six were diploid — 2/2 = 22, 
n = 11 ; sixteen, tetraploid — 2n = 44, n = 22 ; three, liexaploid — 2n = 66, 71 = 33. 
Multivalent associations occur at meiosis in tetraploid and liexaploid plants. 
Some deviants from the 2n-number of 66 were found. 

The >species is distributed from Missouri to Texas and from southern Illi- 
nois througli Kentucky and Tennessee to Alabama and Georgia. The diploid 
is found west of the Mississippi River and in the southern part of the range. 
The tetraploid has moved from northern Tennessee into Kentucky and Illi- 
nois. The liexaploid is found in Tennessee where the diploid and tetraploid 
races meet. The cytogeographic situation in this species is quite different 
from that in S. nevvL The two species are alike, however, in that the tetra- 
ploid, once established, in each species has been more effective evolutionarily 
than the diploid: the tetraploid in both cases migrated into new territory. 

S. piilcJieMum possibly arose as the amphidiploid result of the fusion of 
a 6-ehroinosome tendency, now exemplified by true S. nevi% with a 5-chromo- 
some tendency, now exemplified by /S. nuttoMimium, This explanation ac- 
counts for the marked similarity — x^esulting in frequent taxonomic confii- 
sion^ — of the juvenile plants of S, pulckeUum to nonflowering plants of 8. 
fievti; it also explains the resemblance of the matured stages of 8. piilcheUtm 
and 8, an annual within the area of 8 . ptdchelhmi, which is 

likewise annual. Accordingly, 8. pulchellum is to be interpreted as an amphi- 
diploid that has undergone autopolyploidy. 

The three chromosome-number races differ morphologically, but the cyto- 
geographie data indicate that only the diploid has been used- — by Michaux, 
Nuttall, and Small— as a basis for nomenelatorial designation of wild plants 
of this species. 

Department OP Botany, University OP Michigan 
Ann Arbor, Michigan \ " 
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PLANT^SUCCESSION ON ABANDONED FIELDS IN THE 
tENTRAL WISCONSIN SAND PLAIN AREA^ 

John W. Thomson, Jr, 



Juneau County, Wisconsin, is in the part of the central sand plain area 
which is the bed of Glacial Lake Wisconsin. Here the residual soil of the 
underlying Cambrian sandstone has been reworked by water to form exten- 
sive areas of the Plainfield sandy soil series. In the southeastern part of the 
county there are large areas of the Boone series of sandy soils which are 
residual from the Cambrian sandstone but have not been reworked. These 
soils were much cultivated in Juneau County after settlement, which began 
in the eighteen-fifties, but their low fertility and their aridity have caused 
their abandonment in this century. As part of a study of the prairie flora 
in the central sand plain of Wisconsin, the succession of plants on some of 
these abandoned fields was observed in Juneau County. 

Funds making possible the field work for this study were supplied by 
the Alumni Research Foundation of the University of Wisconsin. The studies 
on the abandoned fields were begun during the summer of 1936 by Arthur 
Oehmeke and the writer and continued in 1937 and 1938 by the writer. 
Grateful acknowledgment is made to Professor N. C. Fassett of the Uni- 
versity of Wisconsin for constant help and suggestions during the progress 
of this study. I am indebted to my wife, Olive S. Thomson, for assistance in 
the field and in the preparation of this paper. The generous hospitality of 
Mr. and Mrs. F. N. Hamerstrom, Jr., made available their home as a center 
of operations while the field work was in progress. 

Information upon the dates of abandonment was supplied mainly by Mr. 
Leo Laski of Necedah and Mr. Knute Olsen of the Olsen store at Mather. 
Little information upon, the date of last cultivation could be obtained from 
people living near abandoned fields. Their reluctance may in part be ascribed 
to the habit of some people in central Wisconsin of farming county land. 
When definitely dated fields were located which were on ground that was 
not too low and wet for the study of prairie plants, they were examined 
during the three successive years. A total of thirteen separate fields were 
observed during this period. The detailed data are not presented in this 
paper owing to the exigence of space but may be obtained by consulting the 
writer’s thesis submitted to the University of Wisconsin under the title of 
‘^Dynamics of some prairie plants in central Wisconsin.” The observations 
of changes within an individual field were checked against fields of varying 

iPart of a thesis submitted in partial fulfilment of the requirements for the degree 
of Ph.D. at the University of Wiseonsin, 1939. 
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and the result expressed in the chart, figure !• On this chart tlie verti- 
caHines represent the observed comparative abundance of the s])ccies; and 
the dotted lines represent the probable curve of frequency of e<u'li si)ecii\s. 

DISCUSSION OP THE SUCCESSION ON ABANDONED FIELDS 

Field work on the abandoned fields in 1937 and 1938 substantiated the 
observations made in 1936, ^ although many of the fields had again be(*n |)ut 
under cultivation and observation on them terminated. The rapid succession 
or changes in the flora during the first few .vears is very marked and latei* 
changes occur but slowly. A¥hile these observations were made on land whidi 
had been under cultivation for several years and then abandoned, Dtlr. F. N. 
Hamerstrom, Jr., informed the writer that the succession whicdi he had 
observed on plots which were plowed and then allowed to lie fallow witli 
neither cultivation nor manuring, does not agree in its details with tlie 
observations noted here. He suggests that the early dominance of ragweed 
which we observed may be due to the manuring of cultivated flelds. In sii])- 
port of this suggestion is an observation made by Mr. Walhu^e Grange on 
his property near Babcock, Wood County, in 1938. Here a ditch bank con- 
taining much organic matter in the form of peat was burned over and in tlje 
burned area arose a dense stand of AmJbrosia art emisiif (ilia. Possibly the 
early dominance of this ragweed in the cultivated fields is dependent upon 
the presence of considerable organic matter. 

The flora which becomes established in any given field will vary, de])end- 
ing on a number of factors including the ability of tlie plants to produce 
seed and to secure dispersion of the seed, the nearness of the field to a source 
of seed and the ecological condition of the field. The oecuri*ence of some of 
the more conservative prairie plants such as Desmodinm lUnioor^e on smue 
of the fields is dependent on the proximity of a p]*airie relic which ]>rovided 
a source of seed. The other plants involved in the succession are d (‘pendent 
on the same set of factors. While individual fields will thus vary somewliat 
in the plants which are established upon them, the discussion which follows 
embodies the generalized story of the succession. 

In the fields which have been abandoned for but one year, the flora is 
much the same as during cultivation. There is an abundanee of ragweed 
{Awibrosia artemisUfoU^^ and ^mdhiir (CencJirus pauciflorm). Canada 
Fleabane {Erigeron is often very common. Of lesser importaiu'e 

is a large group of American w^eeds of southern distribution. These iiufiude 
MolUtgo verticillata, Leptoloma cognaium, Lepidiuni npetaJum, Oenothera 
rliomlipetala, Oenothera biennis^ Fanioum alt>emarJenH(\ and TIclianihas 
occidentalis. A few European weeds may also become established, including 

2 Thomson, J. W., Jr, 1937. Dynamics of some prairie plants in Juneau County, Wis- 
consin. Unpublished thesis for the degree of M.A., tTniv, Wis, ^ ^ ^ ^ ^ ^ ^ 
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Setafia liitescens, Eu'pherhm niaculata^ Polygomim convolvulus, and Bumex 
acetosella. Individual plants of a few prairie species may enter the fi'^lds 
during the first year. Among those observed are Euphorhia corollata, which 
at times may even be common, Andropogon furcatus, and Andropogo^i 



Pig. 1. Prequency of various species in abandoned fields. 


scoparius. The prairie plants, however, do not attain any prominence in the 
early years ; it is only at from nine to ten years after abandonment that they 
become important and they appear to reach a maximum in about fifteen 
years and thence show a slow decline until thirty-seven yeai's, the age of 
the oldest field observed. 

During the second year after the field is abandoned there is little change 
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to^e observed. Ragweed, sandbnr, and Canada fli^abane remain the^must 
important species. The prairie plants, represented by Euphorbia coroUafa 
and the Andropogons, have increased somewhat and a fourth species, Lci^pc- 
deza capitata, appears as a prominent invader. Prairie plants* are but a 
minor part of the flora in the fields at this stage j the weeds are still very 
prominent. Hedeoma pulegioides, Agrostis scabra, and PkysaMs tyirgmiana 
appear, Poa compressa increases, and Myrica asplenifoMa, which is later of 
great importance, gains a foothold. In one field, in T18N R3E S2NW, aban- 
doned one year in 1936, saiidbur was very abundant. In 1937 it had disap- 
peared entirely but in 1938 it had again become prominent. This is rather 
exceptional, for sandbnr is one of the critical species in the siUM^'ession. In 
most of the fields observed this species disappeared after two years and none 
was present in fields abandoned for three years or more except wliere the 
fields had been disturbed. In the older fields sandbnr appears as a result of 
heavy grazing, as it did in a ten-year field, or as a result of some otlier dis- 
turbance such as driving a car or wagon across the field. Sandbnr then 
appears in the ruts. An attempt was made to see if the seeds of this plant 
remained viable in the soil and then germinated after disturbanee by taking 
some of the soil of a field which had been abandoned for twenty-two years 
and placing it in shallow trays in the greenhouse. Several months after- 
wards, Mollugo vertidllata, Buniex Acetosella, Poa compressa from the 
rhizomes, and Aniennaria sp. had appeared but sandbnr had not. It would 
be interesting to know how long the seeds of this species can remain viable 
while buried in the soil. The rapidity with which it becomes established in 
freshly cultivated fields on the sandy soils in this county is remarkable. The 
lesser ragweed, Ambrosia artemisiifolia, presents a situation eoinparable to 
the sandbnr. It is abundant during the first three years following abandon- 
ment, then practically disappears, persisting in the fields only as a result of 
grazing or some other disturbance. Since this is a valuable game bird food 
plant, it is important that some fields under cultivation, or abandoned for 
not more than three years, be available as a food reserve on game preserves 
in this area. 

Three years after abandonment the amount of ragweed decreases slightly 
and Canada fleabane becomes more dominant. Lespedeza capitata becomes 
slightly more common. Oenothera biennis has also risen in frequency. Aris- 
tida basirameay Asclepias tuber osoy HelaandJms occadentai/iSy and Gar ex 
pensylvanica are the important new invaders. As already mentioned, 
Cenchrns 5 has disappeared in most fields except in disturbed 

spots. 

In the one field observed five years after abandonment Le.vpcdca'o capi- 
tata nnd Euphorbia cor ollat a had increased greatly. Pour other prairie 
species appeared in the field : palmatay Asclepias tuherosa, LitJio- 
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gmeliniy and Midropogon scoparms. These were not abundant. '|he 
observer unfortunately made no note of the weed flora in the field. 

In fields which have been abandoned for nine or ten years the change in 
successionif has slowed up somewhat. They are quite similar to four- or five- 
year abandoned fields, although the prairie species have increased in gen- 
eral in numbers of plants and of species. Hieracium longipilmn, Baptisia 
leticophaea, and Desmodium iUinoense have appeared. Euphorbia corollata 
and Lespedem capitata have become important, but there is still much 
Arutida basiramea and Erigeron camadensis. 

The single observed field of eleven years age of abandonment had been 
so heavil}^ grazed that the succession upon it could hardly be termed typical. 
The hooves of cattle had so cut up the soil that great quantities of sandbur 
were present and the plants remaining* in the field were mostly species 
unpalatable to cattle. 

Twelve-year fields show an increase in the plants of the prairie species, 
especially of Andropogon scopariitSy Lespedeza capitata^ and Euphorbia 
corollata. Erigeron canadensis and Arisfida basmimea begin to drop in im- 
portance. Pimis banksiana appears in fields of this age and increases from 
this time on. The patches of Eubus sp. and Myrica aspleni folia are becom- 
ing conspicuous. By the time the fields have been abandoned for fifteen years 
the prairie species have reached their maximum both in number of individ- 
uals and in number of species present in the fields. There is a fairly solid 
turf of Andro'pogon scoparius, Lespedeza capitata and Euphorbia corollata 
are very common. Hieracium loyigipilum^ Liatris scariosa^ Helianthus occh 
dentalis^ and Lupmus pjerennis var. occidentalis are present. Up to this time 
in the succession the distribution of each species has been fairly even 
throughout the field but now the various species begin to appear in patches 
rather than evenly distributed. This tendency becomes more accentuated in 
the older fields. Probably this tendency is caused in part by the severe com- 
petition in the field and the micro-conditions within the field limit the distri- 
bution of each species. The dominance of the prairie species persists in the 
fields from fifteen to twenty-twn years abandoned but in the older fields, 
although the same species are present, the patches of distribution of the 
major species become more pronounced and the shrubby and woody plants, 
Myrica asplenif oliay Eubns Ehus glabra^ and Pinus banksiana become 
more prominent. Car ex pensylvanica becomes more common. 

Explanation of figures 2-5 

Fig. 2. A field abandoned one year, T20N E5E S6. Eagweed is the most conspicuous 
plant. Fig. 3. A field abandoned three years, T18N B3E 82. Agrostis sccihra showing as 
white patches in the toTQgxoundi, Lespedem capitata in the background. Fig. 4. A field 
abandoned fifteen years, T19N E2E 817. Note abundance ot Andropogon scoparius^ scat- 
tered Pm 'ban'ksiana. Dark axed, is Myrica asplenifolia. Fig. 5. A field abandoned 
thirty-five years, T19N E3E 827. Photo shows scattered .soopariw**; vigorous 

invasion by Pmif.^; hanlcsiana RiiA^smglQ FopuUis grandident at a at right. 
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tlie time the field feas been abandoned for thirty-seven years the foi^^ljist 
* . . . 
has encroached considerably on the praiifie flora. Jack pine, Pimis ianksidna^ 

is the doiniiiating' member of the flora and Popiikis grandident^^ is also 

present. Shrubby plants including Myrica asplenifolia, Gorylus americana,, 

young Querciis eUipsoid/iliSy and Rtihus sp. occupy considerable territory. 

Carex pensylvanica is common in the slight depressions in the field, forming 

an almost continuous turf. The prairie species have dwindled in importance 

and are present only in a few scattered clumps of Euphorhia corollaia^ 

And/ropogo7i scopariusj Koeleria cristata^ and Lespedeza capUata. Baptism 

leiicophaea and Coreopsis palmata are present as a few plants. Liatris scari- 

osa was growing near the field in the open scrub oak woods but not in the 

field itself. 

Later succession can be but conjectured, since the oldest field upon which 
observations were made had been abandoned thirty-seven 3 "ears. In this field 
and on several of the other abandoned fields, young oaks were growing. In 
an abandoned field in Monroe County, just west of Mather, there is a thick 
growth of jack pine but a few young oaks are present among them. Since 
the oaks are more tolerant of shading than the pine, they would survive 
until some accident to the pines would open up a space for growth of the 
oaks, when they would begin growing rapidly and shade out the younger 
pines which might start. In this waj^ an interspersion of oaks and jack pine 
would result. Through the northern part of Juneau County the land which 
was cut over and then kept as stump pasture has reverted to oak and pine 
woods. The early surveys made in 1851 record mixed forests of oaks and 
pines. While some of the finest stands of white pine in the country were 
present in Juneau County, they -were on the nioister soils, and the forest 
at the time of settlement was a mixed one. Over most of the area on which 
the white pine formerly grew cultivation and fires which followed the lum- 
bering have destroyed most of the organic matter in the soil. To restore the 
soil to a condition suitable for a flourishing stand of white pine over much 
of the area would require centuries. Accordingly it would appear that the 
climax of succession on the dry sandy soils in Juneau County would be a 
mixed forest of oak and jack pine. Querciis ellipsoidaUs^ Q. velutina, and 
Q. macrocarpa are the principal oaks involved in the succession. 

The causes of the succession are not at all understood, nor why the 
changes in the flora during the first years after the field is abandoned are 
rapid while later changes are more gTadual. In Iowa Shiinek'^ found that 
the prairie plants had become established in a field ten years after it was 
abandoned but that thirty years were required for complete establishment. 
Here in Juneau County the succession of prairie plants is a little slower, 


Shimek, B. Papers on the prairie. TJniv. Iowa Studies in Nat. Hist. 5: 1-36. 1925. 
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re(|giring* fifteen years, and is never complete, sine® the forest closes ill by 
the time a field has been abandoned for thirty-five years. The perennials of 
the prairie flora type may replace the annuals of the weed typ#in the early 
years because they are better able to start growth in the spring arf becaiise 
they have more efficient root systems. But the disappearance of such siiecies 
as the lesser ragweed may be dependent upon the rapid oxidation of organic 
matter such as manure in the dry sandy soils. Obviously the nutrient re- 
quirements of the plants and their water and light relations ought to be 
investigated. Some inquiry should be made into the soil conditions as affect- 
ing the growth of the plants ; for changes within the soil may be responsible 
at least in part for the floral succession. One such type of experimentation 
would be to test the growth of the various important plants in the succes- 
sion on soil samples taken from fields of varying ages of abandonment in 
order to determine whether there is an effect of the soil on germination, on 
growth of the seedling or on growth of the mature plant. Both topsoil and 
subsoil would have to be tested. 

SUMMARY 

The plant succession on abandoned fields in Juneau County, Wisconsin, 
is from a weed flora the first few years, with rapid changes in the succes- 
sion, to prairie plants which appear in numbers at from nine to ten years 
after the fields are abandoned, and reach a maximum at about fifteen years 
after the fields have been abandoned. Finally the prairie plants decline as 
the forest represented by jack pine and oak becomes the climax. 

Superior State Teachers College 
Superior, Wisconsin 
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the" TAXONOMY OF THE MONOGENERIC TRIBE 
"" ELVASIEAE (OCHNACEAE) 

John D. Dwyee 

In 1811 De Candolle described the genus Elvasia^ with a single species, 
E. calophyllea, and placed it in the Ochnaceae. Planchon in describing in 
1848 the genus Hosimannia related it to Elvasia. In a later work Engler 
made Hostmanriia a subsection of Elvasia, combining it with Planchon ’s 
subsection EiieliHisia. Ymi T'ieghem, the first worker to introduce radical 
changes into the genus, divided Elvasia into 4 genera, grouping the quartet 
under the tribe Blvasieae (Elvasiees) and Hostmannieae (Hostmanniees) of 
the subfamily Elvasiodeae. Gilg in the most recent treatment of the genus 
(1825) elected to retain Engler ’s 2 subsections. 

This study of the genus Elvasia is a sequel to the author’s work on the 
American species of the Liixemburgieae.*^ Although fourteen collections of 
Elvasia form the basis of this study of seven species, apparently no more 
than nineteen collections of this germs are deposited in herbaiua or are cited 
ill the literature. Six of 1113 ^ specific descriptions are based on type material. 

Elvasia is limited to British Guiana, Surinam, Venezuela, and 
Brazil. Several collections made in the western part of the State of Ama- 
zonas, Brazil, indicate that this may be the center of distribution of the 
genus. Elvasia includes inoderatety sized trees and shrubs ; members of the 
genus are not reported as being of economic importance. According to 
Pittier, in his discussion following the original description of E. carunensis, 
this species is known among the natives as Manteco de Agua, The brief his- 
toiy of Elvasia suggests that its position in the Ochnaceae is a sound one. 
The general structure of the pistils points especially to its relationship with 
the large oclinaceous genus Onratea. This is evidenced by its usually lobed 
and short-stipitate ovary with axillary plaeentation. Each cell of the ovary 
bears an ovule which in fruit develops into an exalbuminous seed. On the 
other hand its affinity with the tribe Luxembiirgieae is manifested in the 
constantly slender, crowded, and immersed secondary veins of the leaf- 
blades, a character found in Blast emanthns and of the Luxem- 

burgieae. The scarious sepals and the oblong, basifixed, and early deciduous 
anthers borne on slender persistent filaments resemble those of several gen- 
era of this tribe. Perhaps the most important character linking the Elvasieae 

1 Named by De Candolle in honor of Francois Manuel D ’Elyas, who was, in the words 
of the author (Ann. Mus. Paris 17: 408. 1811) ^^jesuite portugais qui le qrremier a ecrit 
sur Uhistoire naturelle du Bresil.” 

2 This study is at present in inanuscript form.^ ^ ^ ^ ^ 

■ 42.'. ■■■ 
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an^ the Liixemburgieae is the distinct radial stigmas of the section if we?- 
vasm, which are strikingly reminiscent of the sessile radiating stigmas of 
the Cespedezia, Godoya, and Bhytidanthera complex of the Lnxembiirgieae. 
The tribe Elvasiae stands apart from both the Ourateae and tll^Luxen^^ 
biirgieae because of the unique structure of its fruit. In this the lioniologiies 
of the lobes of the ovary dilate laterally from a median disc as ray-like 
structures; a solitary basifixed seed develops in the hollow of the disc left 
by the abortion of the walls of the carpels.*^ The inconstant number of carpels 
found in several species of Elvasia is not found in the genera of the Liixem- 
burgieae and Ourateae. 

While intragenerically the author maintains the two subdivisions Eu el- 
vasia and Hostmannia, which are based on differences in the number of 
carpels, further study indicates that a break in Euelvasia is necessary on 
the basis of stigmatic differentiation coupled with variations in the number 
of stamens. A third division, Euessequibensa, is proposed in this paper. 
General studies on the family Ochnaceae make it clear that earpeliary varia- 
tions in the species , of the American genera are xmre. In my opinion the 
variation in stigmatic structure in Elvasia is an exception to this stability, 
and is of equal importance as the equally exceptional variation in tlie num- 
ber of carpels within the same genus. It is an interesting fact that fruiting 
material has been described only from the section Euelvasia . Whether the 
asteroid type of fruit, which characterizes the two species of this section 
of the genus, is found in the 5 species of the two other seetions only addi- 
tional collections of fruiting materials will disclose. One may anticipate a 
non-asteroid type of fruit for the section Hostmamiia in which the carpels 
are reduced in number to two. 

KEY TO THE SECTIONS 

Ovary 4-5 celled; filaments of stamens (at late antliesis) not exceeding tlie 
anthers in length. 

Stamens 7-10; stigmas 4-5, fimbriate, radial (0.1-0.25 mm. long) 1. Suelvasia. 

Stamens 10-20 (rarely np to 25) ; stigmas undift’erentiated 2. Euesseguibeiisa. 

Ovary 2-eelled; filaments of stamejis (at late an thesis) exceeding the anthers 

' in length Eo8tma7inia. 

KEY TO THE SPECIES 
1. Euelvasia 

Leaf -blades dull-brown above. 

Sepals 3, 2.3-3 mm. long; i^etals 3-3.3 mm. long ; stamens 7-S, the fila- 
ments 1.3-2.2 mm. long; disc of fruit not obvious, the rays dis-^ 
tinctly marcescent-rugose, 2-3 mm. wide at base 1, E, ealophifUfa, 

Sepals 4, 3.8-5 nini. long; petals 4-4.8 mm. long; stamens 10, the fila- 

yVan Tieghem (Ann. Sci. Nat. VIII 16: 408. 1902) gives an excellent description of 
the development of the fruit. 
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^ ineiits 0.4”0.8Qim. long; disc of fruit obvious, the rays almost / 

smooth, 4-5 mm. wide at base 2. i;. quinquCiola, 

Leaf -blades cinero-caiieseent above 3. E, canescens. 

2. JEuessequihensa 

Leaf -blades 6-8 cm. long; branches of inflorescence subhorizontal, obviously 

unequal ^^'GvipediceUata. 

Leaf -blades 9-20 cm. long ; branches of inflorescence arcuate-ascending, sub- 
equal in length 5. JE. esseqwihensis. 

3. Hostmannia 

Sepals subrotund or ovoid-rotund, 2.8-3.8 mm. long; petals 4.6-5. 6 mm. 

long 6. JS. carmierisis. 

Sepals elliptic to obovate-oblong, 5.5-6.5 mm. long; petals 6-9 mm. long. 

7. S. el'vasoides. 

The materials cited in this paper have been secured from various Ameri- 
can institutions which are designated by the following symbols : 

P — Field Museum, Chicago, 111, 

G — Gray Herbarium, Cambridge, Mass. 

NY — New York Botanical Garden, New York City, N. Y. 

US — United States National Herbarium, Washington, D. C. 

The author wishes to express his appreciation to the directors of the 
institutions listed above for their kindness in loaning him specimens. Special 
thanks are due to Dr. A. C. Smith of the Arnold Arboretum for his criti- 
cism of the manuscript. 

Elvasia DC. Ann. Mus. Paris 17 : 422. 1811. 

Hostmannia Planch, in Hook Ic. PL 8: pi. 709. 1848. Yaselia van 
Tieghem, Ann. Sei. Nat. VIII 16 : 409. 1902. Trichovaselia van Tieghem, 
Ann. Sei. Nat. VIII 16 : 411. 1902. 

Trees or shrubs; leaf -blades subsessile or short-petiolate, coriaceous, 
acuminate, rarely retuse at apex, obtuse to cuneate at base, the costa slender 
and ridge-like, prominent, strigose, and hemispherical in cross-section below, 
becoming evanescent and plane toward apex, the secondary veins immersed, 
slender, crowded, leaving costa sub-horizontally, the margin entire, subeal- 
lose, often with minute, appressed, glandular teeth; stipules persistent or 
deciduous, deltoid to acute, axillary; buds subrotund to ovoid ; infloreseenee 
paniculate, terminal, the flowers solitary or in fascicles on slender, very 
short-articulate pedicels disposed on a smooth angular rachis terminating 
the twigs or rarely disposed on axillary branches, the bracts persistent 
or deciduous, carnose, oblong, very obtuse, the margin entire; sepals 3-5, 
quincuncial, carnose, reflexed or patent, soon deciduous at anthesis; petals 
3-5, imbricate, carnose, reflexed or patent, deciduous at anthesis, yellow, 
the veins evanescent and flabellate toward margin, the latter entire ; stamens 
7-25, arranged in a circle about pistil, yellow, the anthers deciduous, 2-celled, 
dehiscing by 2 subterminal sub-aurieulate pores usually slit-like at base, 
basifixed, the filaments free, slender, elavate at apex, persistent (even in 
young fruit) ; pistil solitary, the ovary short-stipitate, smooth or lobed, the 
carpels 2-5, fused, forming 2-5 cells, the ovules solitary per cell, oblong. 
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suhplane, attached medianally or basally, the plaeeiiiation axillary, the ^tyle 
persistent (up to immature fruit), subulate, the stigmas indeterminate ‘or 
obviously 2 or disposed as 5 terminal radiate fimbriate projections of the 
style; fruit (known from two species) star-shaped, ligiiose, a dorso- 

ventrally subplane exalbuminous seed developing in a single ioCiiIe, the 
remaining ovules and carpellary walls aborting. 

Type species: Elvasia calophyllea DC. 

1. Elvasia calophyllea DC. Ann. Mus. Paris 17: 422. 1811. Elvasia 
sprucei van Tieghem, Ann. Sci. Nat. VIII 16: 409. 1902. Elmisia seJiom- 
hurgki van Tieghem, Ann. Sci. Nat. VIII 16: 409. 1902. 

Small trees; leaf -blades usually deflexed, often revolute, oblong-lanceo- 
late, dr-6.5 cm. long, 2.5-4 cm. wide, tapering into an acuminate j)oint or 
flat-obtuse at apex, obtuse-cuneate at base ; stipules apparently persistent ; 
inflorescence -terminal, the rachis exceeding the uppermost leaves, up to 15 
cm. long, the branches sub-horizontal, becoming shorter toward apex, the 
flowers dense, solitary or fasciculate on slender pedicels 3-8 mm. long, the 
bracts slender-subulate, 1-3 mm. long, deciduous ; sepals 3-4, ('oncave, 
obovate-rotund or obovate-oblong, 2.3-3 mm. long, 1.2-2.6 mm. wide, tlie 
veins subparallel, irregular-ascending, well-spaced and forming toward 
margin a loose flabellate reticulum; petals 4, subequal, oblong-rectangular 
or suboblong, 3-3.3 mm. long, 1. 3-1.6 mm. wide, round-obtuse toward apex, 
tapering slightly toward base, the veins evanescent; stamens 7-8, the anthers 
plump, ovate-oblong to narrow-ovoid, 1-1.3 mm. long, about 0.5 mm. wide 
at base, the filaments 1. 3-2.2 mm, long; pistil stipitate (for about 0.2 mm.), 
4-5-lobed and -celled, rhomboid in outline, about 1 mm. wide, the style 1.3- 
2.8 mm. long, somewhat swollen at base, bearing 5 radial and fimbriate stig- 
mas at apex, each stigma about 0.2 mm. long; fruit dull gray-black, 4-5- 
ray ed, up to 2 cm. in diameter, the rays distinctly rugose and contorted, 
unequal, the disc scarcely evident, the seeds orbicular, about 2,5 mm, wide, 
depressed above. 

Type Locality: Brazil. 

DC. Ann. Mus. Paris 17 : pZ. 5^7. 1811. 

DistriEutmn Known from British Guiana and the State of Amazonas, 
Brazil. British Guiana: Schomhurgk 940 (F, photo and frag., G, type col- 
lection of E, Schomh'urgki), Schomhurgk 941 (!) (F). Brazil: Without 
definite locality or collector, labelled De Candolle (F, photo and frag, of 
type of E. calophyllea) Amazonas: Barra, Rio Negro, Spruce 1792 (E\ 
photo, G, photo, NY, type collection of E. Sprucei) ; Santa Izabel, Ducke 
56* (F, NY). 

A thorough search of the literature, including the monogTapli in winch 
the original description is found, failed to reveal the collector of the type 
material or the exact locality in which the type was collected. E. calophyllea, 
the type species is the most* collected member of the genus. The reduction in 
the number of stamens (7—8) is its most outstanding specific floral character. 

2. Elvasia quinqueloba Spruce ex Engier in Mart. FL Bras. 12 ( 2 ) : 
353. 1876. Vaselia cjuinqueloh a van Tieghem, Ann. Sci. Nat. VIII 16 : 409. 
1902. 

Trees (!) ; leaf -blades often revolute, oblong, 10-15 cm. long, 3-5 cm. 
wide, acute at apex, cuneate at base * stipules persistent or deciduous, 2-3 
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mnirlong'; buds obovatQ^oblong, about 4 mm. long; panicle exceeding upper- 
most leaves, pyramidal, the branches subhorizontal, the pedicels about 8 
mm. long, the lowermost bracts often persistent, narrow-subulate, 2.5-3 mm. 
long, v^y acute ; sepals 4, concave, oblong, ovate-oblong or rectangular, 
3.5-5 mM: long, 1.5-3 mm. wide, obtuse at apex and base, the veins few, 
well-spaced, parallel-ascending, flabellate toward margin ; petals 5, obovate- 
oblong, 4-5 mm. long, 2-2.5 mm. wide, obtuse at apex, ciineate at base ; 
stamens 10, the anthers linear-rectangular, about 3.5 mm. long, about 0,8 
mm. wide, the filaments 0.4-0.8 mm. long; ovary smooth or distinctly lobed, 
3-5-eelled, rhomboid or subrotund in outline, about 0.9 mm. long, often 
wider than long, the style slender-subulate or thick-subulate (up to 0.5 mm. 
wide at base), 3-3.5 mm. long, the stigmas 5, fimbriate, radial, each stigma 
about 0.15 mm. long; fruit 4-5-lobed, 1-1.5 cm. in diameter, the rays red- 
brown, subsmooth, 3-5 mm. wide at base, the partitions persistent above, 
slender prominent, the seed about 6 mm. wide. 

Type Locality: Eio Guainia and Eio Negro, above mouth of Rio Casi- 
quiare, Amazonas, Brazil. 

Illustration: Engler in Mart, PL Bras. 12 (2) : pi. 71. f. 1. 1876. 

DistriMction : Known only from the type locality. Brazil — ^Amazonas: 
Rio Guainia and Rio Negro, above mouth of Rio Casiquiare, Spruce 3513 
{3398) (P, G, photo and type collection). 

This species is obviously related to E. calophyllea ; it is distinguished 
from the latter by being stouter in all its parts and by its distinctly oblong 
leaves. 

3. Elvasia canescens (van Tieghem) Gilg in Engler & Prantl, Nat. 
Pflanzenfam. ed. 2. 21: 77. 1925. Trichovalesia canescens van Tieghem, 
Jour. deBot. 16:205. 1902. 

Small trees, 4-5 m. high ; leaf -blades ashen-brown or waxy-farinose above, 
canescent, brown beneath, obovate-oblong, about 5 cm. long, 2 cm. wdde, fiat- 
obtuse to deltoid (often retuse and truncate) at apex, subcuiieate at base, 
the margin with minute purple hairs about 1 mm. apart, curved downward ; 
stipules persistent, subdeltoid, about 1 mm. long, about 1 mm. wdde at base, 
acuminate; panicle terminal, pyramidal, about 8 cm. long, the branches 
slender, subhorizontal, densely flowered, the flowers solitary, the pedicels 
about 5 mm. long, the bracts concave, narrow-deltoid or subulate, about 3 
mm. long ; sepals 3-4, unequal, reflexed at anthesis, obovate-oblong or oblong, 
2.3~4.3 mm. long, 1.2-2.7 mm. wide, obtuse to flat-obtuse at apex, obtuse at 
base, the veins 3-6, conspicuous or evanescent, branching flabellately above 
middle ; petals 3-5, unequal, obovate-oblong or oblong, 2.6-5 mm. long, 1.3- 
2.5 mm. wide, round-obtuse or deltoid at apex, obtuse-cuneate at base, 
stamens 7-12, the anthers plump, linear-ovoid to elliptic, 1.35-1.5 mm. long, 
0.5-0.8 mm. wide, the filaments 0.7-1.6 mm. long; pistil stipitate, the stipe 
0.1— 1 mm. long, the ovary 4-6-1 obed, the lobes drooping, eompressed-rhoin- 
boid in shape, 0.5-1 mm. long, 0. 8-1.1 mm. wide, the style thickly subulate, 
1.4-4.5 mm. long, the stigmas 4-6, terminal, radial, and* fimbriate ; fruit not 
.'seen.".' ^ . 

San Fernando, Atabapo, Amazonas, Ven 
Distribution: Known from the type locality and from the state of Ama- 
zonas, Brazil. Venezuela— Amazonas : San Fernando, Atabapo, Gaillard 
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i 6^5, (F, photo and frag, of type). Brazil— Amazonas : Rio Curicuriarv 4 ind 
Rio Negro, 55^ (F). 

Of the seven species of Elvasia listed in this paper, E. canescens is the 
most easily recognized, because of the distinctly canescent upper siii^faee of 
the leaf-blade. ' 

4. Elvasia brevipedicellata Ule, Notizbl. Bot. Gart. Berlin 6: 339. 1915. 

Trees 5-10 m. high; leaf -blades oblong, 6-8 cm. long, 2.5~3.5 cm. wide. 

acuminate at apex, wide-cuneate at base ; panicle 3-5 cm. long, shorter than 
leaf -blades, the branches unequal, very short, the pedicels 3-4 mm. long; 
sepals 4 or more, about 6 mm. long, 4 mm. wide; petals subequal in length’ 
spatnlate-elliptic, about 6 mm. long, 4 mm. wide; stamens 20-25, the antiiers 
exceeding the filaments in length, the latter about 1 mm. long, the anthei-s 
about 2.5 mm. long; ovary 5-celled, ovoid, about 1 mm. long, the style fili- 
form, about 2 mm. long ; fruit not seen. 

Type Locality: Mt. Roraima, 1900 m. alt., British Guiana- Venezuela 
boundary. 

Distribution: Known only from the type locality. British Guiana- — 
Venezuela boundary: Mt. Roraima, 1900 m. alt., Tile 8664. (G, photo of 
type). 

While the above description is based on a photograph of the type and on 
Ule’s original description, there seems to he no doubt that this species is 
related to E. esseqniibensis. Unfortunately Ule does not discuss its stigmatic 
structure, but the number of stamens surrounding 5 carpels is a strong indi- 
cation of its relationship with E. essequihensis. 

5. Elvasia essequibensis Engier in Mart. FI. Bras. 12 (2) : 354. 1876. 
Hostmannia essequibensis van Tieghem, Ann. Sei. Nat. VIII 16: 414. 1902. 

Small trees or shrubs ; leaf-blades dull gray-brown above, oblong, 9-20 
cm. long, 3.5-8 cm. wide, conspicuously attenuate-apieulate at a])ex, the 
blade frequently splitting along the secondary veins, the margin subrevolute^ 
entire, with minute black-glandular teeth, up to 0.5 mm. long ; stipules per- 
sistent, elongate-deltoid, 3-5 mm. long, acute ; buds rotund or oblong, about 
3 mm. long at maturity ; inflorescence terminal, patent-paniculate, the 
flowers in dense fascicles on the arcuate-ascending subequal branches, the 
latter equal to or exceeding the uppermost leaf -blades, the pedicels 2-4 mm. 
long, the bracts widely subulate, up to 3 mm. long, attenuate at apex ; sepals 
5, unequal, oblong, oblong-rectangular or obovate-oblong, 2. 8-4.2 mm. long, 
2-2.3 mm. wide, obtuse at apex, obtuse to subcuneate at base, the veins 6-8, 
conspicuous, well-spaced ; petals 5, oblong-obovate, obovate-rotund or oblong, 
4.7-5 mm. long, 2.3-4.3 mm. wide, obtuse (frequently retuse) at upex, sub- 
obtuse to cuneate at base, the median veins distinct, the lateral veins usually 
evanescent and flabellate ; stamens 11-18, the anthers linear-rectangular, 
2.2-3.2 inin. long, 0. 5-0.8 mm, wide, the filaments 1-1.3 mm. long; ovary 
very short-stipitate, the stipe up to 1 mm. long, 4-5-celled, 0.7-1. 3 mm. long, 
the^ style 2-4.5 mm. long, often contorted or transverse-rugose, constricted 
and markedly truncate at apex, the stigmas a plane surface ; fruit not seen. 

Bssequibo River, British Guiana. 

Illustration : in Mart. FI. Bras. 12 (2) : pi. 71, f. 2. 1876. 

Distribution: British Guiana. British Guiana: Mazaruni & Guyuiii 
Rivers, Graham 153 (NY) ; Essequibo River, Jenman W25 (NY). 
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rThis species is reaci„ily recognized by its constantly large and markedly 
oblong leaf -blades and arcuate-ascending branches of the inflorescence. 

6. Elva'Sia carunensis Pittier, Bol. Soe. Venez. Cien. Nat. 6 (41) : 75. 
1939. 

Trees up to 15 m. high, the branches above middle of trunk; leaf-blades 
narrow-lanceolate, 7--15 cm. long, 2.5-4.6 cm. wide, acute and narrowly 
acuminate at apex, cuneate at base ; stipules deciduous, striate, deltoid, up 
to 5 mm. long, the free lobes deltoid and long-acuminate ; buds rotund, about 
2.5 mm. wide; inflorescence terminal, not exceeding uppermost leaves in 
length, pyramidal, the flowers fasciculate on the horizontal whorled branches, 
the pedicels long, the bracts subconcave, widely subulate-deltoid, up to 3 mm. 
long; sepals 3-4 smooth, unequal, subrotund or ovoid-rotund, 2.8-3. 8 mm. 
long, 2.6-3 mm. wide, obtuse at apex and base, the veins parallel-ascending, 
well-spaced, branching loosely above middle; petals 3-4, reflexed at anthe- 
sis, obovate or obovate-oblong, 4.7-5.6 mm. long, 2.2-3. 3 mm. wide, obtuse 
at apex and base, the veins flabellate and immersed; stamens 15-21, the 
anthers plump, ovate-oblong, 2-2.3 nim. long, about 1 mm. wide, the fila- 
ments 1.2-2.5 mm. long; ovary smooth, rotund or rhomboid, 1.2-2.4 mm. 
long, 1.2-1. 5 mm. wide, 2-eelleci, 2-ovuled, the style thick-subulate or slender 
and contorted, 1.7-7. 5 mm. long, the stigmas undifferentiated or the style 
grooved above the middle and bearing two lateral stigmatic surfaces at apex; 
fruit not seen. 

Ty'j)e Locality: El Pescado, Bolivar, Venezuela. 

Distribution: Known only from the type locality. Venezuela — Bolivar: 
El Pescado, 140 m. alt., Llewelyn Williams 11525 (P, NY, type collection). 

Pittier, in his discussion following the original description of E. carunen- 
sis, states that the number of stamens is constantly 17. My counts of the 
stamens in type material show them to vary from 15-21. This species shows 
its close relationship with E. elvasoides in its vegetative habit as well as in 
the number of the stamens, length of the filaments, number of the cells of 
the ovary, and its stigmatic differentiation. Notable differences are appar- 
ent: E. carunensis has smaller flowers, subrotund or ovoid-rotund sepals, 
and the usually rhomboid-shaped ovary. 

7. Elvasia elvasiodes (Planch.) Gilg in Engler & Prantl. Nat. Pflanzen- 
fam. Ill 6: 145. 1893. Hostmannia elvasiodes Planch, in Hook Ic. PL 8: 
pi. 709. 1848. Elvasia Hostmannia Planch. Lond. Jour. Bot. 5: 648. 1846. 
Hostmannia Sagoti yan Tieghem, Ann. Sci. Nat. VIII 16 : 414. 1902. 

Trees; leaf -blades oblong to oblong lanceolate, 5-8 cm. long, 2-3.5 cm. 
wide, abruptly acuminate at apex, cuneate at base; stipules persistent, black- 
ish, widely subulate, 3-4 mm. long, the margin erose ; buds subrotund, about 
4 mm. long at maturity; inflorescence terminal or on axillary branches, 
equal to or exceeding the uppermost leaf -blades in length, compressed pyra- 
midal-paniculate, the branches subhorizontal or obviously ascending, the 
flowers dense, solitary or fasciculate, the pedicels slender, 4-9 mm. long, 
the bracts coheave, oblong or rectangular, about 3 mm. long, the margin 
hyaline or somewhat irregular ; sepals 4, reflexed at anthesis, thin-carnose, 
subequal in length and width, elliptic to obovate-oblong, 5.5-6.5 mm. long, 
3-3.5 mm. wide, obtuse to subdeltoid at apex, obtuse to subcuneate at base, 
the veins about 6, well-spaced and parallel-ascending ;• petals 4, thin-carnose, 
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unequal, refiexed at aiithesis, obovate-spatulate, obovate-obloiig, or oboYate, 
6-9 mm. long, 3-4 mm. wide, obtuse at apex, wide-cuneate to obtuse at base, 
the veins few subflabellate from a somewhat swollen mid vein; staiuens 17-21, 
the anthers oblong, about 3 mm. long, 1 mm. wide, the fiiameiit!^>^nuler. 
2-3.6 mm. long, exceeding anthers in length; ovary smooth, vaguely lo])ed, 
ovoid-rotund in outline, 1.1-1. 6 mm. wide, the style subplane, subulate, tliick- 
ened toward base, 2-grooved above middle, 5-6 mm. long, the stigmas 2 or 
simply indeterminate, the ovary 2-eelled, the 2 ovules about 0.8 mm. long, 
attached sub-basally ; fruit not seen. 

Type Locality: Dutch Guiana. 

Ilhistration : Planch, in Hook, Ic. PI. 8; pi. 709. 1845. 

Distribution: French and Dutch Giiianas. Dutch Guiana : Hostmann ^71 
(F, type collection) ; Marowyne River, Kappler 1725 (F). French GuIxINA: 
Karouany, 8a, got 786 (F, photo and frag, of type of Hostmannia Sagoti). 





l^^TEUREA, A NEW GENUS OF THE OCHNACEAE 
John D. Dwyer 

Kaieteurea Dwyer, gen. nov. Arbores vel siiffriitiees ; laminae sinipliees, 
snbsessiles ad apieein ramnloriim persistentes coriaceae, eosta supra iiifraqiie 
prominente, venis secniidariis evaneseentibiis prominulis vel snbinersis, mar- 
gine integro ; gemmae ovoideae ; stipulae ovoideae eadueae ; infioreseentia 
termiiialis floribiis solitariis, alibns in ramis racemosis axillaribns et alibns 
in panicnlatis rbacliidibiis virgas terminantibiis dispositis, pedicellibus re- 
curvatis graeilibns, bracteis persistentibus ant eadueis parvis obtiisis mar- 
giiie integro; sepala 2 (rare 3), opposita ant alterna in gemma conerescentia 
marginibiis non-imbricativS carnosa persistentia (in etiam fruetu) ; petala 
3-4 mox decidua carnosa oblonga margine integro ; stamina 10, antheris mox 
deeidiiis transverse-rugosis lineari-rectangiilaribus 2-poris terininalibiis de- 
biscentibiis, filamentis liberis siibiiullis; pistilliim solitariiim, ovario stipitato 
in anniilmn 5 earpellis dispositis 5-loenlaribiis oviilo solitario in ntroque 
locnlo, stylo nno terminale snbnlato, stigmatibus nullis; frnetiis stipitatus 
solitaria drnpa dispositus rotundatis sepalis involntus, seniini solitario 
exalbuminoso. 

Trees or shrubs ; leaf -blades simple, subsessile, persistent at the apices of 
the branches, coriaceous, the midrib prominent above and below, the lateral 
veins evanescent or immersed, the margin entire; buds ovoid; stipules de- 
ciduous ; inflorescence terminal, the flowers solitary, some arranged on race- 
mose axillary branches, others on a paniculate rachis terminating the twig- 
lets, the pedicels slender, recurved, the bracts persistent or deciduous, small, 
obtuse, the margin entire; sepals 2, (rarely 3), fused in bud, opposite, car- 
nose, persistent (even in fruit) ; petals 3-4, soon deciduous, carnose, oblong, 
the margin entire ; stamens 10, the anthers soon deciduous, transversely 
rugose, linear-rectangular, dehiscing by two terminal pores, the filaments 
free, scarcely measurable; pistil solitary, the ovary stipitate, 5-earpellate, 
the carpels arranged in a ring, 5-celled, a single ovule in each cell, the style 
solitary, terminal, subulate, the stigmas non-differentiated ; fruit stipitate, 
solitary, drupaceous, rotund, enclosed by the persistent sepals, the seed soli- 
tary, exalbuminous. 

Carpellary studies leave no doubt that Kaieteurea is related to the och- 
naceous genus Ottraica, well-known to workers in the floras of the new and 
old worlds. The five fused and uniovulate (one ovule per locule) carpels 
arranged in a circle atop a conspicuous stipe and terminated above by a 
subulate style with undiiferentiated stigmas are unmistakably similar in 
both genera. /Lamterrrea, while similar to Ouratea in vegetative habits and 
structure, shows marked differences in its fruit and flowers. In fruit, the 
torus becomes lignose, scarcely expands, and bears a single drupe encased 
in the two erect persistent sepals. The absence of endosperm in the seed 
places AatVtaRreu t with. Ouratea, Oclina, BracUenridgea {Outdi- 

teae) , MiKElvasia (Elvasieae) in the primary subdivision of the Ochnaceae, 
Exalbuminosae, On the basis of fruit structure further study ma}^ prove 
that Kaieteurea is deserving of tribal rank. The floral differences are equally 
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striking*. The new genus, unlike enij other American genus of the Oehnaefae. 
frequentl}^ has one pair of opposite sepals; this is a marked deviation from 
the quincuncial arrangement of the sepals which typifies lilrasiff, 

and the majority of the genera of the Lusemburgieae. The marked re^l^l(d'io^l 
in the number of sepals to 2 is a condition not met with in the above genera 
and tribe. Critical examination of the margins of the sepals of Kaivieiirea 
shows that these are fused in the bud and at anthesis are torn apart. The 
persistence of the sepals as well as their erect habit in the fruit point to the 
relationship of the new genus to the Luxemburgieae, many of Avhose genera 
have the sepals persistent and erect in the fruit. Accoinpanying the marked 
reduction in the number of sepals is a frequent reduction in the number of 
petals to 3. Oiiratea, Avitli the exception of odd and obviously abnormal flow- 
ers, is distinctly pentamerous. The biporous, linear-rectangular, and trans- 
versely rugose anthers of Kaieteurea, Avhich are borne on scarcely measiirabie 
filaments and disposed in a single circle at the base of the stipe, ai'e the pro- 
totypes of those of Oiiratea, This relationship is further manifested in the 
constancy in the number of the stamens. 

Kaietetirea derives its name from the Kaieteur Savanna, British (jiiiana, 
Avhere the type-species Avas collected. Potaro Landing, Kaieteur Savanna, is 
the home of a considerable number of endemics. 

Kaieteurea gilly ana Dwyer, sp. noAU Arbores vel sufl-Tiitices ; folia ad 
apicein ramulorum conferta ; petiolo breAu, circular 3-8 mm. lougo siitfulta, 
lamina ascendente coriacea brunnea rigida glaberrima obionga, 3-5 cm. 
longa, 1. 2-2.5 lata, ad apicem et ad basim distincte cuneata, costa supia in 
culminem elevata, eirc. 0.5 mm. lata, supra prominente infra longitndino- 
striata ad basim eirc. 2 inm. lata apice eAmneseente, nervis seciuidariis 
subobscuris, alibus paucis distantibus areuato-aseendentibiis ])romiHu]is 
juxta eostam inargine subprominentibus, alibus multis crebris irregu- 
laribus a costa ad angulum 80° abeuntibus, margine integro; gemmae 
ovoideae, circ. 5 mm. longae, acutissimae; inflorescentia ad apicem virgarum 
multis ramis raeeniosis ab superiorum laminarum axillis singulatim 
orientibus et in inoduin paniculae caulem extrahentis disposita latidu- 
dine subaequalibiis et vix longioribus superioribus rhachidibus ramistpie 
lignosis angularibus striatis subtortisque, floribus crebris, pediceilis reciir- 
vatis, 0.5-1 cm. longis, gracili-marcescenti-striatis singulatim dispositis, 
bracteis persistentibus aut deciduis concavis oblongis, eirc. 1.5 mm. lougis; 
sepala 2 (rare 3), opposita persistentia (in etiam fructu) rubro-briinnea 
earnosa longitudine vix marcescenti-striata ovata vel ovato-rotiinda, 5.5-fi 
mm. longa, 4.5 mm. lata, ad apicem late deltoidea ad basim obtiisa; petala 
3-4 subaequalia caduca earnosa rubro-brunnea (?) obionga, eirc. 7.5-8 mni. 
longa, 3-3.9 lata, ad apicem obtusa retusaque (sinii circ. 0,5 lata) ad basiin 
obtusa; stamina 10, uniseriata, anthera transverse-rugosa rubra limuiri- 
reetangularibus saepe in medio genieulatis, eirc. 5.5 mm. longis, ad basiin 
1-1.5 mm. latis, 4-locularibus interioribus (eorum) vix brevioribus augusti- 
oribus ad apicem biporosis; pistillum solitariiim stipitatum (stipite 0.5-1 
mm. longo), ovario earnoso 5-loeulare 5-ovulato aequale distineteque lobato, 
depresso-rotundo, circ. 1.5 inin. lato, eirc. 0.6 mm. longo, oyulis locnilos eom^ 
plentibus sublongis, eirc. 0.5 mm. longis, basiflxis, stylo-filifprmi, eirc. 4 mm. 
longo, stigmatibus niillis ; fructus stipitatiis (stipite recto nigro lignoso mar- 
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cesoente clavato, cire. <2.5 mm. longOj apice 2.5 mm. lato) vix inarcescens 
rotundatiis sepalis involutis, semini solitario exalbuminoso. 

Distrih%tion: Known only from the type locality. British CtUIAna: 
Potarc^^nding, Kaietenr Savanna, Jenman 863 (NY type). 

This^eeies is named for Mr. Charles Gilly of the New Y'ork Botanical 
Garden who by his criticism assisted the author in his preliminary coiistriie- 
tive work on the Ochnaceae. 
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THE STATUS OF DISTICHLIS DENTATA ’ 

John K. Feeder 

While studying grasses collected in Eastern Oregon in tiie summer of 
1941,, the writer was impressed wdth the difficulty of separating DistiMis 
dentaia Fydb. and D. strict a (Torr.) Fydb. None of the available keys was 
satisfactory and even the original description of D, dentaia seemed vague. 
In view of this apparent confusion, a critical study was made of these two 
species and the conclusions reached are here presented. 

For material kindly loaned for study, in addition to his own speeiinens 
and the collection at Oregon State College, the writer herewith expresses his 
appreciation to the United States National Herbarium, the Rocky Mountain 
Herbarium, and the University of Oregon. He is especially indebted to the 
New York Botanical Garden for the loan of types. Thanks are due also to 
Mrs. Agnes Chase for personal selection of specimens and for criticism of 
the manuscript and to Dr. Helen Gilkey for suggestions given throughout 
the progress of the study. 

Rydberg (1909) described Distichlis dentata as differing from D. stricfa 
and D. spicata ‘Gn the broader leaves, larger and broader spikelets, larger 
and broader floral glumes and palets in the pistillate plants, and in the dis- 
tinct dentations on the keels of the latter. ’ ’ He cited collections from Wash- 
ington, Oregon, Saskatchewan, and Nevada. 

Passett (1925), commenting on Rydberg's description, states: In all 
these characters D. stricta is extremely variable, and while the eonspieiiousiy 
dentate paleas appear at first to be distinctive, this character breaks down 
when it is seen that almost all of the plants have the lemmas^ somewhat 
dentate, and there is a difference only of degree." He places D. dentata in 
synonymy with D, stricta. 

Hitchcock did not recognize either D. stricta or Z>. dentata until some 
time after 1923. In his Genera of Grasses (1920) and in Abrams' Illustrated 
Flora of the Pacific States^ (1923) both D. stricfa and D, dentata are listed 
as synonyms of D. spicata. How exec , in his Manual of (1935), 

Hitchcock recognized both of these species. His maps show D. stricta 
ring in every state west of the Mississippi except Arkansas and Louisiana ; 
D. dentata is listed as occurring only in Washington, Oregon, Idaho, Colo- 
rado, Nevada, Arizona, Utah, and Northern California. 

Detailed study of the types of D. dentata and D. stricta, as well as of 
specimens from 17 w^estern states, convinces the writer that D. dentata not 

1 This is obviously an error. The word lemma ' ’ shoiikl be palea. 

2 Key to the Grasses by A. S. Hit ehcoch. 
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pecies. The f5roblem is complicated by the fact that the genus 
is dioecious. Comparison of specimens labeled D. dentata with 
Md D, siricta indicates that the former has been separated entirely 
sis of the characteristics of the pistillate plants. Table is a com- 
f these two species without regard to sex. 


TABLE 1 


B. strict a I), dentata 

jaf width in mm 

1.5— 3.5 

1.5-4.0 


orets per spikelet ... 

5-18 

5-13 


idth of spikelet in mm. 

3.0— 5.5 

4-6 


iiigth of spikelet in mm. 

8-27 

10-20 


idth of lemma in mm. 

1.5-2.2 

1.8-2.5 


ngth of lemma in mm. 

4.0-7. 5 

4. 5-7.0 



be noted that all the characters compared above, with the exception 
s per spikelet,’^ were used by Kydberg to separate D. dentata from 
Examination of table 1, however, shows that there is so much over- 
lat these characters are not diagnostic. 

:ock (1935), in his key, separated D. dentata from D. strict a on the 
le dentate palea-keels plus relative length of leninia to palea.^ In 
ption he stated that the panicles of D. denta:ta are usually ^‘over- 
)y the leaves. The following table is a comparison of staminate and 
plants regardless of the name on the label. 

TABLE 2 


staminate Pistillate 

*,els broadly winged - + 

iel wings prominently serrulate - + 

nicies exceeding the leaves + - 


nation of the paleas of the pistillate plants labeled D. dentata 
hat none of them is strictly dentate, while all are serrulate or 
lacerate. This is also true for the pistillate plants labeled D. stricta, 
' these species’^ the width of the keel varies from extremely wide 
aarrow, but the wing is always evident. In the staminate plants the 
gs are entire or very slightly serrulate,^ and are always narrower 

lata presented here represent a compilation of nieasurenieiits made on all the 
tndied. 

d Manual, B. dentata is said to have paleas longer than the lemmas, in contrast 
'a and D. siricta in which the lemmas exceed the paleas. Ho’wever, Mrs. Agnes 
letter to the writer ^s wife, says that this is an error and that the two state- 
'.d be reversed, i.e., B. dentata has paleas shorter than the lemmas, 
r a magnification of 20 diameters or more, in addition to serrulations, fimbria- 
Jso be seen on the wing-margins in both staminate and pistillate plants. 
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than in pistillate plants (fig. 1). It was further nested that the paleat^ are 
shorter than the lemmas in practically all spikelets of the pistillate plants 
of the genus ; while in the staminate plants the paleas are iisiially as long as, 
or longer than, the lemmas. Also the panicles of staminate plants ‘Visually 
exceed the leaves, while in pistillate plants the leaves commonly “ overtop'’ 
the panicles (fig. 2). It is readily seen that these characters, whieh have 
been used to separate species, are merely distinetions between the sexes. 

A very significant fact disclosed by this study is that 100 per cent of all 
sheets labeled D. denfata contained pistillate plants; while only 30 per cent 


Fig. 1. Paleas of Distichlis strictaxS. Pistillate above; note very wide keel-win^s aH«l]H-omi- 
neiit serrulations. Staminate below; note narrow keel-wings and almost total absenee of sernila- 
tions. Fig. 2. Distichlis siricta. Staminate plants on the left; note tliat the paniede is bona? well 
above the leaves. Pistillate plants on the right ; note that the leaves exceed the panicle. 

of those labeled D. siricta contained pistillate plants. Indeed the type speci- 
men of B. dentata is pistillate, while that of B. strieta is staminate. 

Staminate plants were rare on sheets labeled D. dentaia ; when they were 
present they differed in no essential character from those on sheets labeled 
B. siricta. On the other hand, 70 per cent of the sheets labeled B. siricta 
contained staminate plants alone. Pistillate plants on the sheets labeled B. 
strieta often have all the characters described for D. dentata; although the 
width of the keel is variable as previously mentioned. However, when ]dants 
having the chdiimtem of B. dentata hme been observed in the field by the 
"writer, staminate plants have predominated. On numerous occasions it iuis 
re(^uired patient search before pistillate plants could be found. In \ien of 
these facts it seems obvious that Z). dentata has been segregated iiom B. 
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stri 0 ta solely on the ba^is of the charaeter of the pistillate plants. In almost 
any collection the pistillate plants could readily be referred to D. dentata 
and the staminate to Z>. siricta. This evidence indicates that D. dentata Rydb. 
shoiildHie.. reduced to synonymy under D. strict a (Torr.) Rydb. 

SPECIMENS examined 

Specimens from the following herbaria have been consulted in making 
this study: United States National Herbarium^ Washington, D. C. (US); 
Oregon State College, Corvallis, Oregon (OS) ; University of Oregon, Eu- 
gene, Oregon (UO) ; Rocky Mountain Herbarium, Laramie, Wyoming 
(RM) ; and New York Botanical Garden, New York (NY) . 

California: Hitchcock 2586 (J'), US; Silveus 2855 (J'), US. Colorado: 
Johnson 1031 ($), as D. dentata, US; Rollins 1957 (.J'), US. Idaho: Chase 
4767 (c? & ?), as B. dentata, US; C. P. Smith 1772 (c^), US. Kansas: 
Thompson 25 {(^), US. Minnesota: Hotchkiss & Jones 3997 (.J' & 5), US. 
Missouri: Bush 6460 (5), US. Montana: Williams da Griffiths 233 (^), US. 
Nebraska: Clements 2840 ($), US; Hapeman in 1926 OS; Bydherg 
1814 & 2), US ; Thomson 335 (2), US. Nevada : Heller 10558 (J' & 2)? as 

D. dentata, US; Tidestrom 10147 & 2)? as D. de^itata, US; Train 2192 

(2), as P. dentata, US. New Mexico-. Hardies in 1936 (2), US; Pf. James, 
sources of the Canadian ((^), (type), NY. North Dakota: Hitchcock 5059 
US; Lumiell in 1913 (2), US. Oklahoma: Clemens 11489 ('2), US; 
Stevens 660 (J'), US. Oregon: Anderson in 1935 (J'), UO; Cusick 1948 
(c? & ?) j UO ; Elder 143 ( & 2)? as P. dentata, US ; Fleischman in 1934 (2), 
OS ; Gilkey in 1932 (J^ & 2) ? OS ; Griffiths & Morris 504 ( J') , US ; Henderson 
8172 (2), UO ; Ingram B67 3 {(ff & 2), OS ; Ingram in 1917 (2), OS ; Johnson 
in 1932 {^), OB; Kiiehner in 1927 OB;LeiUrg 463 (2),UO;77^ (c?), 
US; 712 Cc? & 2), UO; 2^87 (2), as P. dentata, US; Farsell 269 OS. 
South Dakota: Griffiths 355 (2), US; 202 (cf), US; Wallace 6 US. 
Utah: Garrett 5201 (2), as P. dentata, US; Harrison 293 (J'), US. Wash- 
ington: 508 (2), as P. dentata, US; Leckenly in 1898 (c?), US; 

Sandherg & Leiherg 251 (J^), US; 408 (2), as P. dentata, US & RM (type 
of P. dentata at NY) ; in 1893 (2), as P. dentata, RM; Sprague in 1938 (2), 
OS; Yasey 4 CJ'), US. Wyoming: Merrill 12 & 2)? US; Nelson 8175 Q), 

US. 

SUMMARY 

Study of numerous collections of Distichlis from 17 western states shows 
that D. dentata is not distinct from P. stricta. These two species’’ cannot 
be separated on the basis of staminate plants and only arbitrarily on the 
basis of pistillate plants. The basis for segregation of P. dentata has appar- 
ently been the characters of the pistillate plants, as no single collection of 
staminate plants has been referred to this species. P. dentata is reduced to a 
synonym of P. Ytncta. 

Department OF Botany, Oregon State College 
Corvallis, Oregon 
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NEW NORTH AMERICAN UMBELLIFERAE— II 

•i. 

M'ildred E. Mathias and Lincoln Constance 

Tauschia Johnstoniana Matliias & Constanee, s]). iiov. Ilerba aeaiiiescens 
caespitosa, 10-15 eiri alta, seabrida vel seaberula ; folia in aiubitii oblonga 
vel ovata, petiolo exohiso 2-6.5 cm. longa, 2-4 em. lata, ])innata vel pro parte 
bipiimata, Ibliolis linearibns oppositis distinetis, 5-40 nun. loiigis, 1-1.5 mm. 
latis, integris iniiei-onatis; petioli 3-5 eiii. longi infra anguste scarioso- 
margiiiati ; pediiiiculi 7-9 em. longi, folia aequaiites vel exeetUmtes ; iiivolueri 
bracteae 1-2, lineares; iiivolueellae braeteolae |)lures lineares, 1-5 mm. 
longae, circa flores aequantes, frnctn breviores; radii fertiles 3-5, siib- 
aequales, 10-15 mm. longi scaberiili ; pedicerii circa 1 mm. longi ; flores 
liitei ; styli tereti graciles reciirvati ; f rnetiis ovalis circa 5 mm. longiis, 2-3 
mm. latiis, commissurae apiee alte excavata, costis flliformibiis; vittae parvae 
ill iiitervallis atqne in eommissiira plnres ; seminis faines sulcata. 

Aeaulescent, caespitose, 10-15 cm. liigh, the foliage and inflorescence 
scabrous or seaberulous; leaves oblong to ovate in general outline, excluding 
the petiole 2-6.5 cm. long, 2-4 cm. broad, pinnate to partially bipinnate, the 
leaflets linear, opposite, distinct, 5-40 mm. long, 1-1.5 mm. broad, entire, 
mncronate ; petioles 3-5 em. long, narrowly searioiis-margined below ; 
peduncles 7-9 cm. long, equalling to exceeding the leaves ; involucre of 1-2 
linear bracts; involueel of several linear bractlets, 1-5 mm. long, about 
equalling the flo^vers but shorter than the fruit ; fertile rays 3-5, siibeqnal, 
10-15 mm. long, seaberulous; pedicels about 1 mm. long; flowers yellow; 
styles terete, slender, recurved ; fruit oval, about 5 mm. long, 2-3 mm. broad, 
with a V-shaped depression at the commissure, the ribs filiform; oil tubes 
small, several in the intervals and on the commissure ; seed face silicate. 

Type: Stanford, Retherford & Norther aft 682^ on mountain top 7 kilo- 
meters soutliAvest of Miqiiihanana, Tamaiilipas, Mexico, alt. 3430 m., August 
5, 1941 (UC, TYPE; GH, isotype). Although it fully agrees Avith the chief 
generic characters, this very striking species does not seem to possess any 
close relatives. In onr key it appears Amriously next to T. Ehrenhergii 
(Wolff) Mathias, T. StricMandi (Conlt. & Rose) Mathias & Constance and 
T. texcma Gray, but these juxtapositions may be due fully as much to chance 
as to consanguinity. The species is named in honor of Dr. Ivan M. Johnston, 
of Harvard University, who is the author of some excellent critical studies 
of American Umbelliferae, and who correctly placed the present entity in 
the proper genus. 

Lomatium idahoense Mathias & Constanee, sp. nov. Plantae aeuleseentes 
vel brevi-eanleseentes, 2-4 dm. altae, e radice prima gracile ; eanles graciles 
glabri ; folia paiica glabra in ambitu obovata, petiolo exclnso 4-12 cm. longa, 
ternato-pinnata vel pro parte biternata, divisionibns nltimis angnste lineari- 
bus vel oblongis acntis obtusisve, 1-10 cm. longis, 1-4 mm. latis; petiolns 
glaber, 1.5-12 cm. longns, parte inferiora (0.3-0.6 cm.) angnste vaginante; 
involucella nulla ; radii 3-7 adscendentes, 2-8 cm. longi, inaequales graciles ; 
pedicelli filiformes, 5-15 mm. longi; umbellnlariim flores 7-20 lutei; frnctiis 
glaber anguste oblongns ad apicem acutus, 10-12 mm. longns, 3-4 mm. 

5S 
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latiis, alis quam corpore miilto angiistioribus ; vittae fa intervaliis soiitafiae, 
in commissnra 2. 

Plants caulescent or short-caulescent, 2-4 dm. high, from a long, sleiuiec 
taproot; the stems slender, few-leaved, glabrous; leaves obovate in g^meral 
outline, excluding the petiole 4-12 cm. long, ternate-pinnate or ])in‘tia]ly 
biternate, the ultimate divisions narrowdy linear to oblong, acute or obtuse, 
1-10 cm. long, 1-4 mm. broad, glabrous; petiole 1.5-12 cm. long, narrowly 
sheathing in the lower one- or two-thirds, glabrous; involiieel wantiiigy 
rays 3-7, ascending, 2-8 cm. long, unequal, slender; pedicels filiform, 5-15 
mm. long, the umbellets 7-20-flowered ; flowers yellow; fruit narrowly o!>- 
long, acute at the apex, 10-12 mm. long, 3-4 mm, broad, giabrous, the wings 
much narroAver than the body; oil tubes solitary in the intervals, 2 on the 
commissure. 

Type: A. H. Cronqitist 2856, gravelly granitic hillside along Beaver 
Creek near Marsh Creek, 25 miles northwest of Stanley, Custer County, 
Idaho, alt. 6400 feet, July 3, 1941 (UC, type; IM, MB, MINX, Uls. 
isotypes) . 

Specimens examined: Idaho: Beneath Psendotsuga taxifoUa and Pimis 
ponderosa on ridge above east side of Sheep Creek, Idaho Countv, alt. 5500 
feet, May 11, 1939, F. G, Meyer 1614 (MEYER, UC) ; moist tains on hills 
above Sheep Creek and the Snake RiA^er Canyon, Canadian Zone, May 16, 
1936, F, G. Meyer 262a (MEYER) ; Panther Creek, Lemhi County, May 16, 
1941, Bay J. Davis 3113 (UC, Uls); mile beloAV Middle Fork, Lemhi 
County, May 15, 1941, Bay J. Davis 3060 (UC, Uls). 

The diseoA^ery of such novelties as this bears AAdtness to the fact that Idaho 
is perhaps the least fully explored of any of the continental United States. 
Lomatium idahoense appears to be most closely related to L, htevigai uni 
(Nutt.) Coult. & Rose, a species of the Columbia River Valley, in ’Wasliington 
and Oregon. It differs, however, from L. laevigatum in its many fewvv 
leaflets, feAver rays and longer and more slender fruit. 

Lomatium Rollinsii Mathias & Constance, sp. nov. Plantae graciles 
eaulescentes alterne ramosae, 2.5-5 dm. altae, e radice priina elongata sae}>e 
tuberosa, omnino erispo-puberulae ; folia in ambitii oblonga, petiolo exclnso 
5-15 cm. longa, 3-5 cm. lata, bipinnata vel pro parte tripinnata, divisionibus 
ultimis linearibus acutis obtusisve, 0.2-3 cm. loiigis, 0.5-2 mm. latis, ])uberu- 
lis; petiolus basilaris, 5-15 cm. longus, ad basim anguste bre\u-vaginans, 
caulini prorsi anguste vaginantes; iiiAmlucellae bracteolae minutae filifoiTiies; 
radii 4-8, adscendentes, 1.5-5 cm. loiigi, inaequales graciles pubemli; ]'>edi- 
celli filiforines, 6-15 mm. longi; umbellularum flores 8-15 liitei; fructus 
oblongo-OAmtus, 6-7 mm. longus, 3-4 mm. latus, glaber, alls quam corpore 
dimidio angiistioribus; vittae in intervaliis dorsalibus solitariae, in laterali- 
bus 2, in commissura 4. 

Plants slender, caulescent, alternately branched, 2.5-5 dm. high, fi*om an 
elongated and often tuberous taproot, crisped-puberiilent throughout; leaves 
oblong in general outline, excluding the petiole 5-15 cm. long, 3-5 em. broad, 
bipinnate or partially tripinnate, the ultimate divisions linear, acute or 
obtuse, 0.2-3 cm. long, 0.5-2 mm. broad, puberulent; petiole 5-15 cm. long, 
narroAvly short-sheathing at base, those of the cauline leaves narrowly and 
AAdiolly sheathing; involucel of minute, filiform bractlets; rays 4-8, ascend- 
ing, 15-5 cm. long, imequal, slender, puberulent; pedicels filiform, 6-15 mm. 
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loitg, the iimbellets 8-^15 flowered; flowers yellow; fruit oblong-ovate, 6-7 
Him. long, 3-4 mm. broad, glabrous, the wings one-lialf the width of the body; 
oil tubes solitai'y in tlie dorsal intervals, 2 in tlie lateral, 4 on the commissure! 

Twe: (Joiisf(nic(\ Bollins & Dillon 1573, grassy' dry soil, near Deep Creek, 
Snake River Canyon, Wallowa County, Oregon, alt. 1000 feet. May 15, 1936 
(IJC, TYPE; distributed to other herbaria as CogsiveUia amhigua (Nutt.) 
Jones). 

Specimens exaniined: Idaho: Stony soils in wheat-farming area 7 miles 
north of Waha, Nez Perce County, April 25, 1940, J, H, Christ 10,877 
(CHRIST, IIC) ; on rolling hills 2 miles ivest of Webb, Nez Perce County 
April 25, 1940, J. H. Christ 10,889 (CHRIST, IJC) ; on rocky hillside, Slate 
Creek, Salmon River Canvon, Idaho Countv, May 16, 1937, J. H. Christ 4; 
W. W. Ward 7300 (CHRIST, UC), May 21, 1939, J. H. Christ s. n. (UC). 
Oregon: Basalt outcroppings on hills above the Snake River in the Snake 
River Canvon, Upper Sonoran Zone, Wallowa County, Mav 15, 1936, F. G. 
Meyer 231 (MEYER). 

This species adds to the growing list of plants believed to be endemic to 
the drainage area of the Snake and Salmon rivers. Lomatimn BoU/insn super- 
ficially resembles L. anibigmmi (Nutt.) Coult. & Rose, chiefly because of the 
mode of branching combined wdth the color of the flowers. The two are very 
probably related, but the newh' detected species differs from L, a/mbigmim 
in being puberulent instead of glabrous, having pinnately instead of ternate- 
pinnately divided leaves and ovate-oblong rather than oblong fruit. The 
species is named for Dr. Reed C. Rollins, of Stanford University, who ac- 
eompaiiied the junior author upon several noteworthy botanical investiga- 
tions of the Snake River Canyon. 

The following abbreviations for herbaria are used in this paper: Gray 
Herbarium, Harvard University (GH) ; Intermountain Herbarium, Utah 
State Agricidtural College (IM) ; Missouri Botanical Garden (MB) ; 
Herbarium, University of Minnesota (MINN) ; University of California Her- 
barium, Berkeley (UC) ; Herbarium, University of Idaho, Southern Branch, 
Pocatello (UIs). 

Department op Botany, University op California 
Berkeley, California 
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NOMENCLATURAL CHANGES IN THE GENUS CUSCUTA, 
AND NOTES ON SOME AMERICAN SPECIES 

T. 6. Yxjnckee 

In volume 18 of the Memoirs of the Torrey Botanical Club, I published 
in 1932 a comprehensive review of all of the species of Cuscuia then known. 
Since the appearance of this paper I have examined a large number of 
additional specimens, some of which have proved to be new species. These 
have been published from time to time. Several errors, some involving niles 
of nomenclature, have also been discovered in the above-mentioned paper. 
Corrections of these errors together with the presentation of additional 
notes which have accumulated on a number of species are given in the 
following discussion. 

CuscuTA Harpeei Small, Flora S. B. U. S. ed. 2, 1361, 1913. This is 
one of the smallest and most inconspicuous of our American species, with 
flowers mostly 1 nun. or less long. It appears to enjoy a very local distid- 
bution limited to a few counties in the states of Georgia and Alabama. It wa.s 
collected in Washington County, Georgia, between Peacocks and Harrison, 
July 20, 1906, by R. M. Harper, and also 3 miles north of Harrison in the 
same county, June 10, 1938, by J. H. Pyron and R. MeVaugh {ol02). Harpei 
recognized the specimen he had found as probably new to science and re- 
ported it in his paper entitled “Some hitherto undeseribed outcro}w ot 
Altemaha grit and their vegetation” in Torreya for December 1906. In 
Alabama it had been found at DeSoto Falls, Lookout Mountain, July 1898. 
by Albert Ruth (‘i7'5) ; in the vicinity of Gadsen, Etowah County, July 29, 
1*900, by Pollard and Maxon (341 ) ; and in a rocky glade on the west side 
of Short Creek on Sand Mountain about 5 miles northeast of Boaz, Marshall 

County, August 29, 1933, by R.M. Harper ^ , , 

In each of the above specimens the host, when indentifiable, is Chonilro- 
phora virgata (Nutt.) Greene, with the exception of Harper’s 3W7 which 
is on Helianthiis longifoliiis Pursh and Laciniaria mierocephala Small The 
host as indicated on the label for Pollard and Maxon ’s 341 was Ghondroj^wm 
nudata (Michx.) Britton. In commenting on this host, however, 11. M. 
Harper in a recent communication states “They were certainly m error 
in calling the host plant Chondrophora nudata for that species is not known 

outside of tlie coastal plain- ’ ' ^ ^ ^ 

The type specimen for this species, as indicated by Small on pa^e Wio 

of his Flora, is the one collected by Harper in Washington County,^ 

July 20, 1906. There are two sheets of this eolleetion in the New kork 
' " (i'l ■ 
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Botanical Garden lierj^ariuiu, one of which has been selected to represent 
the type. In error, I formerly listed Harper’s 147 as tlie type eolieetion. 

CusciiTA iLVuciLFLORA Pliilippi, Limiaea 33: 185. 1864. C. pusilU 
Philippi ex Yuinlvei*, Mem. Torrey Club 18: 151. 1932. 

At tlie time the deseription. of G, pumlla was piiblished no authentic 
material of C. pa mi flora had been seen, but from Philippi’s original descrip- 
tion it was decided that G. pamiflora was probably tlie same as C, mierantha 
Choisy, with which species it was questionably allied as a synonym. More 
reeeiiti 3 L I. M. Johnston has loaned from Gray Herbarium a fragment of 
what is presumably the type of G. paumflora wliicli was (ollected by Philippi 
on Myrtns iiummularia at Aneud, Chile, January 1858. Tliis specimen is 
very fragmentary, but after carefully comparing it with tlie specimen upon 
which the deseription of C. pMsUla was based, collected also by Pliilippi 
somewhat farther nortli at Valdivia, it now appears evident that they are 
the same. 

G, pauci flora is distinguished with some difficulty from G. niicraritha 
Choisy, another Cliilean species which commonly occurs on low herbaceous 
hosts. The flowers of botli are small, measuring about 1.5 mm. from the base 
up to the corolla sinuses. G, pauci flora, however, appears to have much longer 
pedicels, proportionately longer corolla lobes, more eampanulate corollas, 
and more globose ovaries. On the basis of the specimens wlrieli have been 
examined G. micrantlia also appears to have a more nortliern distribution. 

CuscuTA INDECORA Clioisy, Mem. Soc. Phys. Hist. Nat. Geneve 9: 278. 
pi. 3. /. 3. 1841. G. Jmpidula Engelinaim, Am. Jour. Sei. 45 : 75. 1843. 
G. nenropetala Engelmann, Am. Jour. Sci. 45 : 75. 1843. G. neuropetala 
Bngelmann. var. litt oralis Engelmann, Bost. Jour, Nat. Hist. 5 : 223. 1845. 
G. pulcherrima Scheele, Linnaea 21 : 750. 1848. C. decora Englemann, 
Trans. Acad, St. Louis 1: 501. 1859. G. decora Engelmann var. indecora 
(Choisy) Engelmann, Trans. Acad, St. Louis 1: 502. 1859. G. decora Bngel- 
niaiin var. pidclierrmia (Scheele) Engelmann, Trans. Acad. St. Louis 1: 
502. 1859. C. indecora Choisy var. neuropetala (Engelmann) Hitchcock, 
Contrib. IT. S. Nat. Herb. 3 : 549. 1896. 

At the time Engelmann monographed the genus Gusciita (Trans. Acad. 
St. Louis, 1859) he replaced Choisy ’s earlier epithet indecora with his decora 
which he considered as being more appropriate, and at the same time dis- 
tinguished four varieties. His variety indecora, ■which was the typical 
variety and the same as Choisy ’s species indecora, was characterized as 
having small flowers, short calyx lobes, and long pedicels. Bngelmann also 
included under this variety a form with very hispid-papillate flowers -which 
he had formerly described with the specific name hispidida. 

His variety was the same as G. neuropetala, preYiomlj 

described by him together with its variety liUoralis, and also as Scheele’s 
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C. pidcherrm^ Tliis, variety is characterized as liavaig larger, sinootli tir 
nearly smooth flowers, with proportionately larger calyx. If this variety v’ere 
to be maintained it should, according to the International Rules, vetaiii the 
older epithet littoraUs rather than the later piilcherrinia. 

I have examined many specimens of G. indecora coilected throughout the 
range of the species and have found the various characters which Eiiglemanu 
used to distinguish variety pulcherrima from variety indecora, or the typical 
variety, to be exceedingly variable. The size of the flowers, the length of the 
pedicels and the proportionate size of the calyx vary greatly, sometimes oyon 
on the same specimen. Most of the flowers are more or less granulate ))ecause 
of the lenticular outer surface of the cells and occasional specimens are even 
papillate-hispid. There is, however, no observed constancy in the shape and 
degree of protrusion of the outer walls of the cells. In view of the i incon- 
stancy of any of the characters used by Engelmann to distinguish the two 
varieties under discussion, I have come to the conclusion that it would be 
better not to attempt to maintain them as separate entities. 

CuscTJTA SuKSDORFii Yuncker, Mem. Torrey Club 18: 167. f. 41. 1932. 

This species was originally described from a specimen collected on Aster 
in Skamania County, Washington, in 1891 by Suksdorff {1487), It was also 
found 10 miles southeast of Port Orford, Curry County, Oregon, in 1919 by 
M. E. Peek {8624), In 1934 L. C. Wheeler collected two specimens on 
Calyptridi'um nnibellatiim above 6000 feet in the Siskiyou I\Its., Siskiyou 
County, California {3011; 3192). These two specimens differed from the 
species in certain characters and were described as new under the varietal 
epithet of siibpedicellata Yuncker (Bull. Torrey Club 62: 512. 1935). A 
specimen collected at Bluff Lake, at 7400 feet altitude, in the San Bernardino 
Mts., San Bernardino County, California, July 13, 1926, by P. A. Munz 
{10678) has recently come to my attention. In this specimen the lualii'cls 
are exceptionally long and a number of the flowers were discovered whiivh 
lacked inf rastamineal scales. In a few flowers, however, two or tliree small 
lateral projections representing greatly reduced scales were observed along 
the filament attachment line. Otherwise this plant closely resembles those 
from the north. This specimen from southern California may possibly re]n*e- 
sent a different variety. This can be determined, however, only upon tlie 
study of additional and more abundant material from this region. Plants 
of this species are inconspicuous and are to be sought at altitudes of 6000 
feet or more. 

CuseuTA NEVADENsis Johnston, Proe. Calif. Acad. lY 12: 1133. 1924. 
C. Veatchii Brandegee var. apoda Yuncker, 111. Biol. Monogr. 6: 159. 1921. 
C. Engelmann var. apoda (Yuncker) Yuncker, Mem. Torrey (dub 18: 

169. 1932. 
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« Considerable troiiMe Ms been eneountered in attempting to determine 
the correct taxonomic status of this species. I described it originally as a 
variety off C. Veatchii Johnston iater questioned its relationship to C. 
Veat&iii and gave it tlie specific name of C. nevaderisis. In 1932 I further 
complicated the noineiiclature by transferring it to varietal status under 
C. saMna^ to which some specimens of it bear eonsi(hn*a])Ie resemblance. In a 
specimen recently studied, matured seeds were discovered for the first time. 
In these seeds the embryo was found to be similar to those ehara(iteristic of 
C. dcfiticulata and C. VeafchU, in both of which species it exhibits an ab- 
ruptly eiilai;*ged ball-like end. Tliis character, so far known to exist only in 
these three species, distinguishes it from G. salina which possesses the more 
slender embryo typical of most species of Ouscuta. It differs from C. V eatchii, 
with which it is most likely to be confused, by liaving larger flowers, mostly 
longer pedicels, proportionately longer calyx and eororia lobes, and larger 
anthers on short filaments. I now agree with Johnston in considering it 
sufficiently different to be considered as of specific rank. 

CiTscuTA Gronovii Willdeiiovv var. LATiFLORAEiigelmann, Trans, Acad. St. 
Louis 1: 508. 1859. C. GroaouH Willdenow var. Saurnri (Engelmann) Mac- 
Millan, Metasp. Minn. 430. 1892. 

G. Groiiovii is the commonest species of dodder occurring in the central 
and northeastern United States and Canada. It extends southward to the 
gulf states, and sparingly even to the West Indies, and westward nearly to 
the Rocky Mountains. It does not appear to be particular as to hosts although 
it occurs most commonly on species, either woody or herbaceous, which grow 
in low, moist areas. 

The specimen numbered 3160 m Willdenow^s herbarium, taken as prob- 
ably representing the type, has flowers which are approximately 2 mm. long 
from the base up to the corolla sinuses. The calyx lobes are oval-ovate, over- 
lapping at the base and reaching to about the middle of the corolla tube 
which is campanulate wdth the sides subparallel above the center as viewed 
laterally. This is the variety most commonly found. The size of the flowers 
has been found to vary from a minimum of about 1 mm. up to 2.5 or even 
3 mm. in length from the base up to the corolla sinuses. In some specimens 
the throat of the corolla may be narrow^er than the tube at the middle 
because of the maturing fruit; and occasional specimens may, on the con- 
trary, exhibit somewhat funnel-form corollas. The shape of the corolla deter- 
mines its position about the capsule which is commonly enveloped by the 
corolla when matured. 

In variety the flowers are usually smaller. The calyx lobes are 

more oblong-oval and less overlapping at the base, and they reach the corolla 
sinuses. The corolla tube is broadly campanulate with the throat wdder than 
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the tube which tapers towards the base. Because of iTs shape, the eorollS is 
ordinarily borne at the base of the protruding*, naked capsiila when mature. 
In this variety there is also a greater tendency to produce the intloresreiU'C 
endogenously. The inflorescenee is also commonly more branehed than for 
the species in general and in oeeasionai specimens a '‘witches' broom" etlVet 
is produced which arouses the suspicion that there may be an uiifavorabh^ 
influence of the host upon the parasite. 

Bngelniannh varietal name latiflora k to be retained as valid under the 
International Rules. The variety occurs throughout the range of the species 
and appears, as in the case of the typical variety, to show no liost preferences. 

CuscuTA UMBROSA Hooker, FI. Bor. Am. 2 : 78. 1840, C, (hrnuwii 
AVilldenow var. ctirta Engelmann, Trans. Acad. St. Louis 1: 508. 1859. 
C. megalocarpa Rydberg, Bull. Torrey Club 28 : 501. 1901. C, curia (Eiigeh 
maim) Rydberg, Bull. Torrey Club 40 : 466. 1913. 

As has been pointed out by Engelmann, C. umhrosa Hooker ineluded 
specimens now recognized as belonging both to C. Gronovii and to this 
species. According to Section 8, Article 52, of the International Rules, 
Hooker’s name must be retained for one of the segregated species. 

CuscuTA COMPACTA Jussieu var. epimbriata Yuiicker, 111. Biol. Moiiogr. 
6:167.1921. 

This variety, characterized by greatl.y reduced infrastamineal scales, was 
known originally only from the type speeimen. collected by Fredholm in 
Duval County, Florida. Professor Delzie Demaree found the second known 
speeimen of it near Tillar in Desha County, Arkansas, October 24, 1936 
(14051). 

CuscuTA grandiflora H.B.K., Nov. Gen. Sp. PL 3 : 123. pL :215. 1818. 

This is one of the most widely distributed of the South American iiigh- 
laiid species, ranging from Colombia to Chile and Argentina. It is easily 
recognized because of its large, attractive flowers which lack infrastamineal 
scales. There is considerable variation in the shape and length of the styles. 
Typically, the styles range up to about 1 mm. in length, are slightly flat- 
tened and taper gradually to a wider base. Occasional specimens, however, 
have the styles strongly flattened, and in one or two specimens exmnined one 
of the styles was found to be much longer than the other. A spem’iuen col- 
lected by E. E, Balls in the Department of Cochabamba, Bolivia, at 11,000 
feet altitude, March 15, 1939 (Sm), has both styles much shorter than any 
hitherto seen for this species. The contrast is siifSeiently great to suggest 
recognition with formal or varietal status. Because of the variation already 
noted in the styles of tl^^^ species, howwer, it is believed better not to 
describe it as new at present from the single speeimen at hand. 
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T'uscuta FLOSSDOR'fii Hickeiu Darwiiiiana 1: 31. 1922. 0. l)revisquama;ta 
yiiiicker, Ain. Jour. Bot. 9: 566. pL /. la~e. 1922. 

This diBtinetive Argentina species was described under the above two 
names almost simultaneously in 1922. As nearly as could be determined from 
the original description and without having seen the type, it was decided 
later that 0. Flossdorfii was closely related to C. brevkquamata and in 1932 
I tentatively placed it as synonymous with that species. 

Eecently, through the kindness of Dr. Arturo Burkart, director of the 
Institute de Botanica Darwinion, I have had an opportunity of examining 
the type of C. Flossdorfii and discover that it is identical with C. brevh 
squamata. I also discover that the publication of C. Flossdorfii occurred a 
short time before that of C. brevisquamata. and, hence, has priority. 

The type of C. Flossdorfii, now in the herbariuin of the Instituto de 
Botanica Darwinion, w’as collected on SaUireia eugenioides by A. Flossdorf 
in the Province de La Rioja, Argentina, February, 1913, at 3000-4000 
meters altitude. A specimen collected by Schreiter (3057) in the Province 
of Tucuman has also been seen. 

CUSGUTA JAPONICA Clioiisy var. thyrsoidea Engelmann, Trans. Acad. St. 
Louis 1: 517. 1859. C. formosana Hayata, Icon. Plant. Fornios. 2: 124. pZ. 
30. 1912. C. japonica Choisv var. formosana (Havata) Yuneker, Mem. 
Torrey Club 18; 253. 1932. 

Engelmann gave the name of thrysoidca to variety a or the t.ypical 
variety of C. japonica. Later, Hayata gave a large-flowered specimen of C. 
japonica the name of C. formosana. In studying C. japonica^ I concluded 
that Ha^uita’s plant differed from the typical form in certain features and 
decided that it should be retained as a variety. Part of the specimens listed 
by Engelmann as belonging to variety thyrsoidea also appeared to belong 
to the new variety as established. Thus, part of variety thyrsoidea^ as recog- 
nized by Engelmann, remained representative of the typical variety or 
species and part became the variety which I listed as variety formosana. 
However, according to section 8, article 52, of the International Rules, 
Engelmann ^s earlier name should be retained for the variety rather than 
Hayata V later epithet. 

The following nomenclatural corrections are required, for the most part, 
under article 58 of the International Rules : 

CuscuTA AUSTRALIS R. Browu var. breviflora (Visiani) Yuneker, comb. 
nov. C. australis 'R. Brown wax. Tinei (Insenga) Yuneker, Mem. Torrey 
Club 18: 126. 

CuscuTA RACEMOSA Maiffius var. minuta Choisy, Mem. Soc. Phys. Hist. 
Nat. Geneve 9 : 277. 1841. C. raoemosa Martins var. Engelmann, 

Trans. Acad. St. Louis 1: 505. 1859. 

CuscuTA REFLEXA Wallich var. brachystigma Engelmann, Trans. Acad. 
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St. Louis 1: 519. 1859. C. reflexa Wallieli var. mgrnna (l{i«‘ewor!li) 
Yuncker, Mem. Torrey Club 18: 260. 1932. 

CuscuTA CAPILLARIS Keicbeubach, Icon. Bot. 5: 64. 1827. O.^pdaestma 
Boissier, Diagn. PL Or. Nov. I. 2^^: 86. 1849. 

CuscuTA CAPILLARIS Keicbeiibach var. syriana (Yimcl^er) Yuiieker comb, 
nov. C. palaestim Boissier var. syriana Yuneker, Mem. Torrev Club 18: 
280. 1932. 

CuscuTA Epiti-iymum Murray var. angustata Engelmanu, Trans. Acad. 
St. Louis 1: 463. 1859. 0. Epithymim Murray var. alha (Presl) Trabut, 

Bull. Soe. Bot. Prance 53 : xxxvii. 1907. 

CuscuTA PLANIPLORA Teiiore var. subpapillosa (Trabut) Ymieker comb, 
nov. C. planiflora Tenore var. Godronii (DesMoulin) Eoiiv, Flore de 
Prance 10: 359. 1908. 

CuscuTA APPROXiMATA Babington var. Webbii (Engelmami) Yunckor 
comb. nov. C. approximiata Babington var. Episondium (Webb k 
Bertbelot) Yuncker, Mem. Torrey Club 18 : 299. 1932. 

In additioiij errors have been detected in the form ot' citation of some 
names. These names are correctly cited as follows: Cuscuta an'dofana 
(Engelmann) Yuncker, comb. nov. Cuscuta hrachy calyx (Yiuicker) 
ILincker, comb. nov. Cuscuta xanthochortos Martins var. earinata 
(Yuncker) Yuncker^ comb. nov. Cuscuta foetida H. B. K. var. pycnaniha 
(Bentham) Yuncker. Cuscuta corynibosa Euiz & Pavon var. sfylosa 
(Choisy) Engelmann. Cuscuta potosina Schaffner apud Watson. Cuscuta 
potosina Schaffner var. gloMfera Yuncker. Cuscuta saccJiarata (Engel- 
mann) Yuncker, comb. nov. Ciiscuta Epitkymum Murray var. angnstis- 
sima (Engelmann) Yuncker, comb, nov, Cuscuta Balansae Boissier & 
Eeutter ex Yuncker. Cuscuta Balansae Boissier & Eeutter ex Yuncker var. 
socotrensis Yuncker, var. nov. Cuscuta approximata Babington var. leuco- 
sphaera (Boissier & Heldreich) Yuncker, var. nov. 

I wish to thank Dr. H. W. Eickett, bibliographer of the New York Botani- 
cal Garden, for assistance in cheeking and verifying nomenclatural data used 
in the preparation of this paper. 

DePauw University 
Greencastle, Indiana 
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DESCRIPTIONS OF TROPICAL RUSTS— 

George B. Cummins 

The ITrediiiales reported in this paper were eollected, for the most part, 
by Paul C. Standley of the Field Museum of Natural History, during his trip 
to Guatemala in 1940 and 1941. He obtained 562 speeimens of rusts but only 
those of more than ordinary interest are reported here. A few collections 
made hy Julian A. Steyermark and John R. Johnston, are also included. All 
specimens are from Guatemala. The type specimens are deposited in the 
Arthur Herbarium, Purdue University Agricultural Experiment Station. 
Specimens collected by Standle,y are also in the Field Museum of Natural 
History. 

Aecidium. talini Speg. On Talinum triangulare (Jacq.) Wilki, Dept. 
Santa Rosa: along the Avellana road south of Gnazaeapcin, December 6, 
1940, Standley 79497. 

A portion of this collection was sent to Dr. Juan C. Lindquist who kindly 
compared it with, material from La Yina, Salta, Argentina, wliieh had been 
named by Spegazzini. He found it to agree in all respects. The species has 
not been reported before from North America. 

Aecidium fuchsiae Jacks. & Holw. On Fuchsia mimitiflora HemsL, Dept. 
Chimaltenango : Las Calderas, June 21, 1941, Joh nston 1912. 

A. fuchsiae has not been reported from North America previously and 
Johnston’s specimen does not show complete agreement. The peridia are 
somewhat paler than typical and the wall of the aeciospores is thiiiner. For 
the present, however, it seems advisable to report this collection as A. 
fuchsiae. 

Aecidium lycianthis Cummins, sp. nov. Pycniis non visis. Aeeiis hypo- 
phyllis subepidermalibus, in maculis irregularis flavidis usque ad 2 cm. longis 
aggregatis, vel petiolicolis vel caulicolis, breviter cupulatis vel biillatis, 
pallide flavidis, 150-300 p diam., margine lacerato vel eroso ; eellulis peridii 
oblongis vel oblongo-ellipsoideis, 14-16 x 23-32 p, pariete interiore verrucoso 
2 p er., veiTucis plus minusve elongatis, exteriore striato 3-3.5 p cr. ; aecio- 
sporae ellipsoideae vel oblongae, 12-17 x 17-24 p ; membrana hyalina, 1.5-2 p 
cr., minuteque verrucosa. 

On Lyeianthes quichensis (Coult. & D. Sm.) Bitter, Dept. Chimalte- 
nango: Las Calderas, November 5, 194:0, Johmst on n June 21, 1941, 
Johnston 1877 (type) ; Dept. Quezaltenango : Aguas Amargas, on the west- 
ern slope of Yolcan de Zunil, January 14, 1941, Standley 83365. 


1 Journal Paper Number 27, of the Purdue University Agricultural Experiment 
Station. Contribution from the r>epartm.ent of Botany. The fourth article of this series 
was published in Bull. Torrey Club 68: 467-472. 1941. 

.'■h' "68.'' 
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This rust is variable in habit. No hypertrophy is emlent on the leaf bla^les 
but when the petioles and stems are infected there is some hy])ertropli\' and 
distortion. In one specimen there are a few aeeia on two flower byds, so it is 
not improbable that fruits may also be susceptible to infee tion. * ^ 

There has been no previous account of a rust on Lyeianthes. 

Aecidium dahliae-maxoni Cummins, sp. nov. Pycniis luillis. Aeeiis hypo- 
phyllis, subepidermalibus, in greges 1-3 mm. diam. laxe agg‘re<i*atis/sine 
maculis, 0.1~0.2 mm. diam., eupulatis, pallide flavidis, marjii'iue recurvato; 
cellulis peridii firme conjunctis, oblongis vel polyhedrieis, 16-22 x 25-35 p, 
pariete interiore moderate verrucoso 2-2.5 p er., exteriore minutecjiio 
punctato-striato 3-4 p er. ; aeciosporae late ellipsoideae vel globoidt^ae, 
14-18 X 17-20 p; membrana hyalina, 0.5-1 p er., ininuteque verruculosa. 

On Dahlia maxonii Saff., Dept. Chimaltenango : Las Calderas, June 21, 
1941, Johnston 1875. 

Microscopically this species is much like A. dahliae Syd. but it is entirely 
different maeroscopically because of the loosely grouped aeeia. There are 
frequently only four or five aeeia in a group and seldom more than twelve, 
whereas the aeeia are numerous and clensely grouped in 8ydow^s s])ecies. 
The absence of pyenia and the almost total absence of discoloration around 
the aeeia provide additional differences. 

Angiopsora lenticularis Mains. On Panicimi arundinariae Trin., Dept. 
Chimaltenango : along Rio Guacalate, southeast of Chiniaiteiiango, Decem- 
ber 14-23, 1940, Standley 81037. 

Previous collections of A. lenticularis have all been on species of Lasiacis. 
Both uredia and telia are present in Standley ^s collection and both agree too 
well with those of A. lenticidaris to permit reference to either a new species 
or any other described species of Angiopsora. A. lenticnlaris lias been col- 
lected in Guatemala on Lasiacis. 

Angiopsora pallescens (Arth.) Mains. On Eucldaena mexioana J8A\Y^i& 
Guatemala City, Jardin Botanico, May 1, 1941, Standley 92861. 

Telia are not present in this collection but the uredia and urediosinires 
agree with those of A. pallescens, a species which had been collected pre- 
viously only on the Tripsamm. On the basis of the relationship of the 

hosts one might expect that Euchlaena wmuld also be susceptible to 
Angiopsora zeae. 

Baeodromus holwayi Aiffh. On Senedo wa/i^scewiczU A, Br. & Bou<‘ho, 
Dept. Quezaltenango : region of Los Alonzo, mts. above San Juan Ostini- 
calco, January 21, 1941, (94775. 

This specimen, which is only scantily infected, provides the first ( 1 uat c- 
malan record for the species. It is known otherwise only from Nevada de 
Toluca, Mexico, where Hohvay collected it on Senecio cinerar hides in 1903. 

Bubakia MEXicANA Arth. On Dept. Jutiapa: 

between Jutiapa and Las Tunas, northwest of Jutiapa, November 4, 1940, 
Standley 76291; on Croton pay aq7ie7tsis Jt^tiapa: vidnity of 

Jutiapa, October 24-November 5, 1940, S'toidZei/ 7dJ;?5. 
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«Tliis rust, Aviiieii eharaeterized by the apiealty thiekeiied walls of the 
urediospores, has not been found previously in Guateinaia or on either of 
the above cited liosts. B, mexicmia is knoAvn from three ]\Iexiean collections on 
C. caljjescens^ CL eiliato-glandnlosa and an undetermined species. 


Cerotelium fici (Cast.) Arth. On Morm insigms Bur. ?, Dept. Chi- 
MALTENANGO: along* Elo Guacalate, southeast of Cliinialtenango, December 
14-23, 1940, StancUey 79987. 

There has been no previous record of a rust occurring on Morns in North 
America, although G. fid has been collected on Morns indiea in the Orient 
and on related genera of hosts in the Americas. 

Chrysomyxa pyrolae (DC.) Kostr. On Pyrola secunda var. elatior 
Lange, Dept. Quezaltenango : Volcan Znnil, Jaiiiiary 22, 1940, Steyerniark 
34776. 

Since C. pyrolae has not before been found south of the moiintains of 
Ncav Mexico this collection is of more than ordinary interest from the stand- 
point of distribution. The collection was made at an elevation of 2500-3800 
meters. Mr. Standley has informed me that Picea, the alternate host genus, is 
not present in Guatemala. 

CuMMiNSiELLA STANDLEYANA Cumm. Oil Berheris fascicularis (DC.), 
Dept. Huehuetenango : Sierra de los Cuehumataiies, along road beyond La 
Pradera, km. 32, December 31, 1940, Standley 81803, 81819a. 

Old aecia as well as uredia and telia are present on no. 81803 while aecia 
are present on no. 81819a, which was separated from no. 81819, Pucdnia 
herheridisMrifioliae Diet. & Holw. None of the aecia are in good condition 
for study but a tentative description is presented below. There is little doubt 
that the aecia belong with C. standley ana. 

Pycnia epiphyllous, subepidermal, globoid to narrowly flask-shaped, 
115-135 p wide by 140-230 |j long, reddish brown. Aecia hypopliyllous, sub- 
epidermal, cupulate, 150-200 jj wide, in small groups on reddish, often some- 
what hypertrophied spots up to 7 mm. in diameter, the spots falling out to 
leave ‘^shot-holes” ; peridium brownish, the peridial cells ellipsoid or oblong 
in face-view, 15-20 x 21-30 p, the inner wall moderately rugose, 1.5 jj ( ?) 
thick, the outer wall 3-4 jj, smooth (?) ; aeciospores globoid or ellipsoid, 
14-19 X 18-23 [x ; wall hyaline, 1 j„i thick, very finely verrucose. 

Gymnosporangiitm speciosum Peck ?. On Juniper us mcx/caRa S preiig., 
Dept. Huehuetenango : Sierra de los Cuehumataiies, along road beyond La 
Pradera, km. 32, December 31, 1940, 

Positive identification of this material is not possible on the basis of 
available material. Standley’s note on the label is as follov’'S: “ Forming 
elongate swellings often as thick as a man ^s arm.” Dr. Johnston, concerning 
what is probably the same rust, wrote (m ^itl) as follows : “ Inclosed here- 
with for yoiir files is a photograph (see figure 11) of swellings on the 
branches of Juniperus mexicana. These swellings reach a size of 3 ft. in 
length and 6 in. in diameter. . . . In any case I did not get the fungus as it is 
out of season. Supposedly these are similar to the swellings on Cupressus 
but due to a distinct Gymiiosporangium. ^’ 
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By soaking the gall collected by Standley I able to obtain a few 
teliospores as well as evidence that the telia are probably cristifonu, as in 
G, specws 2 cm. The 2-4-celled teliospores are longer than typical of the sptHoes, 
however, since they measure 21-26 x 75-135 y. Only remnants of the pedicels 
were seen and the spores were in poor condition for study. There is a (refinite 
possibility that this rust is an undescribed species but no decision can be 
reached until freshly sporulating galls are available. 

Thus far the genus Gymnosporangitim is represented in Guatemala only 
by G. meridissimim Crowell on Cupresms, G, guatenial i an uni Croweif 
(aecial stage only) on AmelancMer and by the above rust on Junipcnt,s. 

Kuehneola guatemalensis Cummins, sp. nov. Pycniis non visis. AeOis 
uredinoidibus confluentibus in caulibus evolutis, gallas plus minusve 
globiilosas usque ad 3 cm. diam. efformantibus, superhcie fiavo-brnnneis; 
aeciosporae late ellipsoideae, ellipsoideae vel obovoideae, 19-23 x 23-32 p : 
membrana 1-1.5 p cr., minuteque echinulata, pallide aurea; poris germ, 
obseuris. Urediis non visis; iirediosporae in telia globoideae vel late el- 
lipsoideae, 19-25 X 23-27 p ; membrana 1 p er., pallide fiavida vel hyalina, 
minuteque eehinulata; poris germ, obseuris. Teliis hyi)ophyllis, sparsis, 
minutis, 0.1~0.2 mm. diam., plus minus pulverulentis, imllide flavis vel 
albidis; teliosporae catenulatae, ex eellulis 3-8 compositis, eellulis iudivi<luis 
cuboideis, oblongis vel plus minusve cuneatis, ad apicem variabi liter lobati.s, 
18-24 p latis, 20-30 p altis ; membrana 1-1.5 p cr., ad apicem 2.5-5 p er., fere 
hyalina, levi ; pedicello hyalino, brevi. Statim germ. 

On Btih us tuerchheimii Rydb., Dept. Guatemala: slopes of Volcan de 
Pacaya, between San Francisco Sales and the base of the active cone, Decem- 
ber 20, 1940, 80704. 

The teliospores of this species are apically lobed as are those of K. arthuri 
(Syd.) Jacks, but dilfer in having smaller cells borne in longer chains. There 
is no similarity in the aeciospores or urediospores of the two s])e(des. 

The description of the aecia is based upon a single gall and may re{juire 
revision, therefore, when future collections reveal possible variations. Aecia 
of K. artJiuri^ which may similarly cause large galls, show ratlier wide 
variation in habit. 

Mainsia standleyi Cummiim, sp, nov. (figs. 1, 2). Pycniis (fig. 1) am])hi- 
genis, intraepidermalibus, lentieularibus, 100-180 p diam., eparaphysatis. 
Aeciis uredinoidibus amphigenis, maculis lenissime inciapsu latis flavo-bnin- 
neis usque 8 mm. diam. occupantibus vel ad nervos lenissime inerassatos evo- 
lutis et greges elongatos formantibus, subepidermalibus, 0.1-().3 mm. diam. 
vel confluentibus, flavidis, pulverulentis ; paraphysibus nullis; aeciosporae 
(fig. 2) obovoideae vel ovoideae, 16-23 x 24-33 p ; membrana pallide fiavida 
vel fere hyalina 2 p cr., ad apicem 6-12 p cr., moderate echiinulata ; i)oris 
germ, obseuris. Urediis aeciis conformibus ( vel nullis f). Teliis hypophyllls, 
inter aecia sp arsis, subepidermalibus, rotnndatis, 0.1-0.3 mm. diam,, pulvi- 
natis, flavo-brunneis; paraphysibus nullis; teliosporae (fig. 2) oblongae, 
oblongo-ellipsoideae vel ellipsoideae, ad apicem rotundatae, deorsum attenu- 
atae, 13-19 x 28-45 p ; membrana 1.5 p cr., ad apicem 2.5-3.5 p cr., pallide 
aureo-brunnea, levi ; pedicello flavidulo vel hyalino, fragili, sporam ae(|uaute 
vel breviore. Statim geim. 
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On Biibiis irasiiensis Liebm., Dept. Alta YEUAfAZ: (lamp liHiestane 
forest along the Peten highway between Campiir and Soeovd, A])!*il 9, 
Standley 91714, 

Mainsia standleyi differs from M. holivayi Jacks, in tfie greatta- 
thickening of the aeciospore wall and in the ’finer echin illation and fi-oni J/. 
peritvimiitm Jacks, in having sharp round acnleae rather than longitudinally 
elongated markings. In addition, both If. holwayi and M, ytrurianinn h<i\’e 
teliospores with uniformly thin walls. 

I was unable to decide the point dehnitely witli this materia! but am 
inclined to believe that uredia may not be formed in this s])C(des. 

Phakopsora vignae^ (Bres.) Arth. On Omiavalia rillosa Ihmth., Dept. 
Sacatepequez : aloiig Rio Guacalate, on road between Antigua and Chiinal- 
tenango, December 23, 1940, Standley 81016; Dept. Hueiiuetexaxgo : near 
crossing of Eio San Juan Ixtan, east of San Rafael PiHzal, Januaiy 9. 1941. 
Standley 83032. On Phaseohis macrole^ns Fiper, Dept. Quezaltexaxgo : 
region of Las Nubes, south of San Afartm Chile Yerde, January l(i. 1941, 
Standley 83605; along old road between Pinea Pirineos and Patzului. Feb- 
ruary 9, 1941, Standley 86619, 

Telia, not recorded previously for this species, are present on no. 83032 
and may be described as follows : 

Telia hypophyllous, grouped about the uredia, blackisli ])rown, sub- 
epidermal, crustose, 3-7 spores in thickness; teliospores variable, tliosi‘ in 
the outer layer oblong or less eommonl.y cuboid, those in tlie iniier layers 
cuboid or oblong, 6-12 x 13-23 p ; lateral walls Ip thick, golden m* nearly 
hyaline, apical walls of the outermost spores 2-4 p thick, <diestnut-brown, 
smooth. 

Hiratsuka (Bot. Mag. Tokyo 49 : 786. 1935) considei*s that tins nisi 
should be placed in synonymy under FJiakopmra pacliyrhiii Byd. ('’ertain ly 
they are similar but the teliospores described above are only about one half 
as lai'ge as those clescribed by Sydow for P. pachyrhizi which, for the pres- 
ent, seems a valid reason for questioning such a treatment. Hiratsuka .may 
be correct but until telia are found on Vigna, Phaseohis, Eriosema, DoUvhos 
and Teramnus and comparative studies made it is best to ac(*ept tin* possi- 
bility that more than a single species may be involved. 

Pileolaria standleyi Cummins, sp. nov. (figs. 3, 4). Pycniis ainphigenis, 
in maculis pimpureis 1-6 mm. diam. dense aggregatis, subimticuiaribus, 
hemisphaericis, 50-135 p diam. Aeciis uredinoidibus, subepidmunalibus, 
hypophyllis, inter pycnia aggregatis, vel in petioiis et ramis junioribus 
deformatis dense dispositis, confiiientibus, cinnamomeis, pulvendentis ; 
aeciosporae (fig. 4) ovoideae, ellipsoideae vel oblongae, ad apicem rotundatae 
vel apieulatae, 16-23 x (27-~) 30-35 (-37) p; membrana rinnamoineo-bun- 
nea, 3 p cr., ad apicem 4-9 p, longitudinaliter verrucosa, vernicis miboideis 
vel oblongis, .frequenter confiiientibus; poris germ, 2 vel 3, aeipiatorialibus. 
ITrediis amphigenis, subepidermalibus, sparsis, rotundatis, plus minusve 
pulverulent is, obscure brunneis ; urediosporae (fig. 3 ) f or ma m ya r ia b i 1 es, p I u s 
minusve obovoideae, in superiore parte pleruimiue lobatae, rarius i*otundatae, 
19-26 X 28-38 p ; membrana 2 p cr. sed ad apicem et in lobis 5-9 p cr., idii- 
namomeo-brunnea, obscure longitudinaliter striata ; poris germ. 2, aeipia- 
torialibus. Teliis amphigenis vel plerumque epiphyllis, subepidei-malibus, 
in maculis purpureis 1-3 mm. diam. sparsis vel eircinatis, castaneo-briinneis, 
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pl^is Hiinnsve pul ven^lentis ; teliosporae discoideae vel gioboideae, 18-26 jj 
alta, 24-30 n lata ; membrana 2.5-3 p er. vel ad apieem usque ad 4 q cr., 
eastaiieo-briinnea, obseure rugosa vel fere levibus; poro germ, apieali; 
pedieello Byalino, sporani aequante. 

(Tn Pistacia mexicana Dept. Baja Verapaz^ rockv bills near 

and above Santa 'Rosa, in pine-oak forest, April 4, 1941, Standley 91090. 

Pileolaria pistadae Tai & Wei (P. clemensiae Cumin.), of the species 
wliieii parasitize Pistacia, is closest to P. stancUeyi but it differs in having 
teliospores with longer pedicels and regularly fusiform-ellipsoid uredio- 
spores. 

Few uredia are present, the infection being mainly aecial, but the 
peculiar lobate urediospores were seen in sufficient numbers to indicate that 
they are characteristic of this species and not mere abnormalities. The only 
othtw rust having similarly shaped urecliospores of which I have record is 
KueJineola harrisoniae (Syd.) Arth. & Cumin. 

No previous report has been made of a Pileolaria on Pistacia in the 
Americas. 


Prospodium conjunctum (Diet. & Holw.) Cumm. On Lippia myrio- 
cepliala S. & C., Dept. Quezaltenango : along Rio Samala near Santa 
Maria de Jesiis, January 25, 1941, StancUey 84636. 

This species has been collected only twice previously, on L. pringlei 
from Oaxaca, Mexico. 

PucciNiA ALIA Jacks. & Holw. On Baccharis trinervis (Lam.) Pers., Dept. 
Jalapa : vicinity of Jalapa, November 7-18, 1940, Standley 77526. 

Since telia are not present in this collection identification cannot be 
positive. The aecia arise below the palisade layer and have sharply echin- 
ulate aeeiospores as in P. alia but the spines of both aeciospores and uredio- 
spores are slightly larger than typical. P. alia was described from Brazil 
on B. trinervis and has not been recorded previously for North America. 

PucciNiA berberidis-trifoliae Diet. & Holw^ On Berberis fascimdaris 
(DC.), Dept. Huehuetenango : Chemal, December 31, 1940, Johnston 
1690 ; Sierra de los Cuchumatanes, along road beyond La Pradera, km. 32, 
December 31, 1940, Standley 81819. 

This microcy die species has been known previously from only the type 
collection made at Rio Hondo, near Mexico City. 

PucGiNiA CONOCLINII Seym. (fig. 7). On Piqueria stancUeyi Rob., Dept. 
JuTiAPA: hills between Jutiapa and Plan de Urrutia, north of Jutiapa, 
October 28, 1940, 7545^. 

Although this rust is common on Ageratnm, Conoclinium mid Euirato- 
riimi I can find no record of its having been collected on Pigac?*m. While 
differing slightly in that the teliospores tend to be narrower and commonly 
have the pore of the lower cell depressed the similarity is still so great 
that the specimen is so named with confidence. 

Puccinia cuilapensis Cummins, sp. nov. (fig. 8). Pycniis et aeciis adhuc 
ignotis. Urediis amphigenis sed praecique hypophyllis, rotundatis, 0. 1-0.3 
mm. diam., flavidis, pulverulentis ; nrediosporae obovoideae vel late ellip- 
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soideae, 17-20 x 20-25 p ; niembraiia 1-1.5 p cr., flavWula vel imHi.le aiiKca. 
moderate echmulata; ports germ. 2, aequatorialibus, ohscuris. T.Hiis In-po- 
phyllis, rotundatis, 0.2-0.4 mm. diam., atro-brmmeis, pulveruleiitis; t'clid- 
sporae ellipsoideae, 26-30 (-32) x 37-43 (-45) p, utrimpie rotundata.-. 
medio leniter constrictae; membraiia eastaueo-bruiniea, 3-4 p <-r., .<ii!>ra 
poros usqne ad 8 p umbone pallidiore inera.ssata, moderate rugoso-\-er- 
rucosa; poro superiore apicali vel plus mimisve subapi(‘ali, iiiferioiv .iu.xta 
septum sito; pedicello hj'alino, subpersisteuti vel persistenti. pins iniuusvf 
sporani aeqiiaiite. 

On Salvia gracilis Bentli., Dept,. Quezaltenango : re<>‘ioH ol' Aziif'ral, 
northern slope of Volcan de Ziinil, February 3, 1941, Sfaiidlcg -s.ir//; iiits. 
above Zunil, lower slopes of Volean de Ziinil, on road to Fuentes Ueorvinas. 
February 3, 1941, Sianclley 85830, On Salvia mociiioi Bentii., Dv\n, Saxta 
Eosa: near Ciiilapa, November 20-27, 194:0, Stand! eg 78515 (tvpei. Ou 
Salvia sp., Dept. Santa Rosa: near Cnilapa, November 23, ]!)40, Siaiidlni 
78008. . - 

Only uredia are present on Salvia gracilis but the spores aguee well 
with those of the type. 

P. cuilapensis differs from other Salvia rusts having I'errueose teiio- 
spores because of its yellow uredia and nearly hyaline nrediospores with 
strictly equatorial pores. The teliospores resemble those of P. farinaa a Loiig 
but are somewhat longer and commonly have the pore of tiie ui)per eidl 
placed slightly to one side of the apex. 

PucciNiA DEGENER Mahis & Holw. (ffg. 5). Oil Salvia ingrinnihu Epiing, 
Dept. Quezaltenango: region of Las Rhibes, south of San IVIartin (liiie 
Verde, January 16, 1941, Standley 83614; vicinity of Finmtes Georginas, 
slopes of Volcan de Zunil, February 3, 1941, Sfandleg 85354. 

P. degener has been known only in the uredial stage but no. 83614 has 
all spore stages present, although the aecia are too old for atnmrale de- 
scription. 

Pycnia amphigenous. Aecia aniphigenous, in small groups, often on 
veins, peridial cells collapsed but apparently mainly ellipsoid and about 
21-28 x 29 - 35 ( 1 , hyaline or pale yellowish, obseiirely punctatt*; acidospores 
ellipsoid, broadly ellipsoid or globoid, 17-23x22-27 j..i, rarely larger; wall 
1.5 (1 thick, hyaline or yellowish, verrucose. Uredia and nredios})ores as 
described, the spores characterized by a single germpore somewhat above 
the hilum. Telia hypophyllous, scattered, round, 0.1-0.3 mm. diam., pnl- 
viiiate, einnamon-brown ; teliospores ellipsoid or oblong-ellipsoid, (20~) 
23-26 x36-43 (-46) p, rounded at both ends or somewhat narrowed below, 
moderately constricted at the septum; wall 1.5 p thick, light idnnamon- <>r 
goldeii'-brown, smooth; the pore in upper cell apical, next the septum in 
lower cell, each covered by a small conical or hemispheri(*al, hyaline pa|)illa 
3 p thick, the papilla disappearing at germination, which occurs without 
a rest period; pedicel about one-half as long as the spore or shorter, 
hyaline, rather fragile. 

Puccinia dyschoristes Ciimmins, sp. nov, (fig. 6). Pycuiis et aeciis adhuc 
igiiotis. IJrediis sparsis, hypo phyllis, rotundatis, 0.3-(),r) mm. diam., cin- 
namomeis, piilverulentis, epidermide rupta conspicue^ urediosporae glo- 
boideae, late ellipsoideae vel obovoideae, 19-26 X 24-27 p; membrana 2 p 
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QT.r cinnamoiiieo-briimea, moderate echiniilata ; poris germ. 2., aeqiiatori- 
alibiis. Teliis amphigenis, sparsis vel aggregatis, atro-briinneis, ^ piilveru- 
leiitis, plus minusve rotuiidatis, usque ad 1 mm. diam., epidermide riipta 
coiisp^icue ; teliosporae ellipsoideae, utrinque rotundatae, ad septum non vel 
vix constrictae, 29-36 x 39-47 jj ; membrana 4-5 q cr., ad apicem 5-8 q, atro- 
brunnea, moderate rugoso-reticulata ; poro superiore apicali, infmdore prope 
septum vel medium loculum sito ; pedieello persistenti, iiyalino, sporam 
aequante vel longiore, deorsum rugoso. 

On Dyschoriste quadrangular is (Oerst.) Kuntze, Dept. Jutiapa: be- 
tween Jutiapa and Las Tunas, northwest of Jutiapa, November 4, 1940, 
Standley^ 76263. 

Pticcinia dyschoristes resembles P. ruelliae-bourgaei Diet. & Holw. in 
having coarsely sculptured teliospores but differs because of the larger, 
thicker- walled spores. The length of the teliospores equals that of P. longiana 
but the width is greater and the wall both thicker and more coarsely sculp- 
tured. Aecidium tracyanum Syd. occurs on Dyschoriste but there is no 
present evidence to indicate that it belongs with P. dyschoristes ^ although 
the latter species is probably autoecious. 

The wall of the teliospores is a deep reddish brown and bilaminate but 
the lamination is inconspicuous because of the density of pigmentation. 
The inner wall is of uniform thickness, the slight thickening over the pores 
being due to the outer wall, which is only slightly lighter in color. Eeticu- 
lation of the surface is rather irregular and not readily discernible. 

PucciNiA FUiRENAE Cooke. Oil Fuirena incompleta Nees., Dept. Hitehue- 
TENANGO: near crossing of Rio San Juan Txtan, east of San Rafael Petzal, 
J anuary 9, 1941, Standley 82958. 

This appears to be the first collection of P. fmrenae from south of the 
United States. 

PucciNiA iNAUDiTA Jacks. & Holw. Oil Wedelia acapulcensis H.B.K., 
Dept. Chimaltenango : Las Calderas, December 16, 1940, Johnston 1928; 
Finca La Alameda, near Chimaltenango, December 11-22, 1940, Standley 
79966. On Wedelia filipes Hemsl., Dept. Jalapa: vicinity of Jalapa, Novem- 
ber 7-18, 1940, Standley 77531. 

These are the first collections of P. inaiidita on the genus Wedelia. It has 
previously been recorded only on 

PucciNiA PROBA Jacks. & Howl. On Wedelia filipes HemsL, Dept. 
Retalhuleu : vicinity of Retalhuleu, February 17-March 1, 1941, Standley 
88747, 

Species of TTcdcZm have not been reported previously as hosts for P. 
proha. 

PucciNiA repentin A Jacks. & Holw. (fig, 9). On ArraGacia hracteata 
C. fe R., Dept. Santa Rosa : near Cuilapa, November 20-27, 1940, Standley 
77904. ■ ■ ' 

P. rcpcnfma m on A. xanthoriza Bauer from Bolivia and 

has not been collected previously in North America. Jackson (Mycologia 23 : 
489. 1931) described the apical wall of the urediospores as 7-10 q thick 
while in the Guatemalan specimen it is frequently as much as 15 q. The 
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teliospores may be vefrucose, rugose or irregularly retieulate and are vari- 
able in size and shape and in the density of pigmentation. P. arracacliae 
Lagerh. &^Lindr. is also known to occur on this host in Guatemala. 

PuGCiNiA SEMOTA Jacks. & Holw. Oil Ilymenoste'plviw^m cordatum (H. & 
A.) Blake, Dept. Chimaltenango : region of Los Positos, above Las Calderas, 
December 16, 1940, Siandh'ij 80227, 80257, 

P. semota h known otherwise only from the type specimen on Gynino- 
lomia suhflexuosa, collected by Holway at Solola, Guatemala . 

PucciNiA SPEGAZziNiANA De T. (fig. 10). Oil Eleuilier anther a rnderaiis 
(Sw.) Sch. Bip., Dept. Santa Eosa: along road southeast of Barberena, 
November 21, 1940, Standlmj 77789. 

This rust has not been recorded previously from North America nor 
has it been reported on Eleutheranthera. However, I have compared it with 
a specimen collected on Aspilia montevidensis in Argentina by Spegazzini 
and can find no substantial difference. The urediospores are eharaeteristi- 
eally oblate-spheroid with a thin, cinnamon-brown wall and 3 or 4 equa- 
torial or slightly subequatorial pores. The teliospores (fig. 10) are light 
chestnut- or deep golden-brown and measure 23-29 x 41-60 q. 

PucciNiA SUBAQUILA Jacks. & Holw. Oil Wedelia acapideensis H.B.K., 
Dept. JuTiAPA: vicinity of Jutiapa, October 24-November 5, 1940, Standley 
75205. 

This South American species has not been recorded previously from 
North America. Identification can be only tentative since teliospores are 
not present in this collection. The urediospores correspond, however, to 
those in Holway ’s South American material. 

Ravenelia mere Cummins, sp. nov. Pycniis hypophyllis, hemisphaerico- 
(fonieis, 80-130 p diam., subcuticularibus. Teliis amphigenis vel praeeique 
epiphyllis, 0.5-3 mm. diam., atro-brumieis, subepidermalibus ; capitulis 
teliosporarum convexis, atro-bruniieis, levibus, 50-85 (-100) p diam., ex 
sporis 4—8 in omni clirectione compositis; sporis individuis unicellularibus, 
10-15 p diam. 7 membrana Ip cr. flavida, ad apieem 4-6 p cr. obscure 
castaneo-brunnea ; cystidiis eodem numero quo cellulis marginalibus, capitii- 
lis adpressis, in aqua intumescentibus et ruptis ; pedicello hyalino vel flavido, 
125-200 p longo sed deciduo, ex hyphis numerosis composito. 

On Lonchocarpiis michelianus Pittier, Dept. Jutiapa : vicinity of Jutiapa, 
October 24~November 5, 1940, Standley 75109 (type). On Lonchocar pus 
rugosus Bmth., Dept. Retalhuleu: San Felipe, January 13, 1917, E. W. D. 
Holway 706. 

The host of the Holway specimen was originally supposed to be Brogm- 
artia sp. and the rust was reported by Arthur (Am. Jour. Bot. 5: 427. 1918) 

Bavenelia similis {Bon Arth. Mr. Standley recently examined the host 
d,nd found it to ho LonchocarpiLB^^r 

There are two other species of BaueneKa on Lonchocarptis which may 
be microcyclic. One, apparently undeseribed, was collected in Brazil and will 
probably be described by A. P. Viegas. It differs in habit and in having 
individual spores 22-29 p in diameter. The other is B. lonckomrjyicola Speg., 
described in 1925 (Revista Argent. Bot 1 : 131) on L. niMdus in Argentina. 
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Tliroiigli the courtesy of Dr. Lindquist I have seen rtis spei-ies. I'he tei:u- 
spore-heads are slightly smaller and the individual eells 19-2(> p in diameter. 
The species are probably closely I’elated. 

Uredo colubrinae Cummins, sp. nov. Urediis hypophyllis, laxe aggregatis 
vel plus minusve aequaliter sparsis, rotundatk 125-175 diam., imstulaTis, 
subepidermalibus, diu tectis, flavidis; paraphysibus peripluo-aies hyphoideis, 
inciirvatis, inconspieuis, iiiferne eonjunctis; urediost)oi*ae ellipsoideae \a*l 
obovatae, 12-17 x 18-26 p ; membrana Ip er. hyalina vel pallide flavidiila, 
subtilissime echinulata; p oris germ, obseuris, verisimiliter 4, aeqaatorialibus. 

On Colubrina ferruginosa Brongn., Dept. Quezaltenango : below Co- 
lomba, on road toward Asintal, Peb. 20, 1941, Stmidleg 87894. 

When telia are discovered this species and Uredo reissekiae Syd. may 
prove to be closely related. 

Uredo erythrinae P. Henn. On Erythrina berteroana Crhan, Drpi. 
Chimaltenango : region of Los Positos, above Las Calderas, December 16, 
1940, Standley 80151; Dept. Quezaltenango : near Pio Samahi, along road 
between Zunil and Cantel, January 18, 1941, Standley 88940; Dept. Lvetal- 
HULEU: vicinity of Ketalhuleu, February 17-March 1, 1941, Siandivjj xsy/o’. 

Originally described from the Congo and known to occur also in Ceylon 
and the Philippines, U. erythrinae has been reported for the Ameri(*as only 
from Ecuador where Sydow collected it in 1937 on Erythrina sp. 

Uredo ficina duel. On Ficus involuta (Liebm.) Miq., Dept. Santa Rosa: 
plains north of Los Cerritos, on road between Chiquimiililla and El 
Ahumado, December 7, 1940, Standley 79545. 

Uredo ’ficina has received varied treatment. Arthur (N. Am. Flora 7 : 103. 
1907) placed it in the genus Physopella but later {1. c. p. 696. 1925) ineliide<l 
it in synonymy under C erotelium fid. SydoAv (Monogr. IJred. 3: 417. 1915) 
listed the species as Physopella fid, although he did not accord Physopella 
full generic rank, and pointed out differences between it and Kuehneola fid 
{C erotelium fid) . 

Uredo ficina differs from C. fid in having larger, more strongly e(4iinidate 
urediospores and large, branched paraphyses. These differences are obvious 
and constant and until telia are found for U. /im’a a confusion can be avoided 
by citing it under the form-genus Uredo. 

Uredo machaeriicola Cummins, sp. iiox. Urediis praecique hypophyllis, 
rotundatis, 0.15-0.3 mm. diam., cinnamomeo-bxninneis, s]iarsis vel laxe agrgre- 
gatis ; paraphysibus peripherales numerosis, incurvatis, eylindraceis, ad 
apicem acuminatis vel rotundatis, 4-7 x 40-75 p; membrana 1.5-3 p cix, 
hyalina vel flavidula ; urediosporae late ellipsoideae vel obovoideae, 12-15 x 
li-18 p ; membrana flavo-brunnea, minuteque eehinulata, 1-1.5 p er. ; poris 
^*erm obscuris 

On MacJiaeriiim Movtdakan vicinity of 

Ketalhuleu, February 17-March 1, IMl, Standley 88557. 

This Kspecies differs from U. macMerii Diet, in having' abimdant ]>ara- 
physes and in being foliicolous without causing hypertropjiy or distortioiu 
Its spores are of approximately the same size. V. pu.'silhi Kern, Tliurstoii & 
Whetzel, while having paraphyses, differs by reason of its large s|)ores. 
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C Uredo muehlenb^ckiae Jacks. & Holw. On MiieJile^nheclna tamnifolia 
(H.B.K.) Meissii., Dept. Quezaltenango : lower north slopes of Volcan de 
Santa Mc].ria, above Palojiinoj, January 15, 1941, Sta/ndley 83551; nits, 
southeast of Palestina, on old road to San Juan Ostuncaleo, January 21, 
1941, Standley 84321, 

U, miieJilenleckiae is a new species for North America, having’ been re- 
corded previously only from Ecuador and Bolivia. 

Uredo obnixa Cummins, sp. nov. Uredia hypophylla, sparsa, ovoidea 
vel liiiearibus, 0.4-1.0 mm. longa, bullata, epidermide tecta, longitudinaliter 
dehiscentibus, cinnamomea ; urediosporae obovoideae vel ellipsoideae, 17-25 x 
25-33 jj ; membrana 2 p cr., cinnamomeo-brunnea, moderate echinulata; poris 
germ. 2, valde superaequatorialibus. 

On Cypenis melmiostachyiis H.B.K., Dept. Huehuetenango : about 
Laguna de Ocubila, east of Huehuetenango, January 7, 1941, Standley 
82692. 

Among the Cypenis rusts which have superequatorial pores P, ohvoluta 
Jacks. & Holw. is most like TJredo ohnixa^ but it has smaller uredia, slightly 
smaller and paler urediospores and pores situated nearer the equator. The 
spores of U. obnixa are also more strongly flattened and thicker-walled on 
the pore-bearing sides. Discovery of telia would readily decide the possible 
relationship with P. ohvoluta since it has characteristic telia with stromatic 
paraphyses and nearly colorless teliospores with brown pedicels. 

Uredo quichensis Cummins, sp. nov. Uredia epiphylla, subcuticularia, 
sparsa, rotundata, 0.1-0.2 mm. diam., flavo-brunnea ; paraphysibus copiosis, 
capitatis, 10-16 x 40-65 q, membrana 1 q cr., hyalina vel ad apicem 1.5-2 [i 
cr. et aureo-brunnea ; urediosporae ellipsoideae vel oblongo-ellipsoideae, 
16-19 X 25-30 p ; membrana 1.5-2 p cr. vel ad apicem et basim usque ad 3 p 
cr., cinnamomeo-brunnea, dense echinulato-verrucosa ; poris germ. 8-10 
bizonatis instructis. 

On Calliandra conzattiana (B. & R.), Dept. El Quiche, oak forest along 
road to Aguacatan, near the boundary of Dept. Huehuetenango, December 
27, 194:0y Standley 81393, 

Uredo quichensis differs from Bavenelia hizonata Arth. & Holw. in having 
paraphyses with a thin apical wall and larger, uniformly and more coarsely 
sculp tnred urediospores whose wall is thicker. The species undoubtedly will 
proYe to he n Bavenelia. 

Uromyces calopogonii Cummins, sp. nov. Uredia subepidermalia, hypo- 
phylla, pulverulenta, cinnamomeo-brunnea, rotundata, 0.2-0.3 mm. diam. ; 
urediosporae globoideae vel late ellipsoideae, 15-17 x 16-19 p ; membrana 
1-1.5 p cr., minuteque echinulata, pallide cinnamomeo-brunnea ; poris germ. 
4, aequatorialibus. Telia uredia conformibus sed castaneo-brunnea ; telio- 
sporae late ellipsoideae, ovoideae vel obovoideae, utrinqne rotundatae vel 
deorsum plus minusye attenuatae, 13-16 x 16-19 p ; membrana pallide 
castaneo-brunnea, minuteque verrucosa, 1.5-2 p cr., ad apicem 2.5-3 p cr.; 
pedicello hyalino, brevi, fragili. 

On Calopogonmm galactioides (H.B.K.) Benth., Dept. Chimaltenango : 
Finca La Alameda, near Chimaltenango, October 26, 1936, Johnston 165; 
December 11-22, WMlySimddey 79808 (type) ; between Chimaltenango and 
San Martin Jilotepeque, December 22, 1940, Stands 
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Calopogonium has not been reported previously as a host for speoit^s of 
the Uredinales. U. calopogonU is notable for its small iiriHli(,v<pore< ami 
teliospores. ^ 

Uromyces sgleriae P- Henn. On Bcleria l)raeie(ita Cav., Dopr, Alta 
Yerapaz: Pinea Saniae, northwest of CobaiL March 28, 1941. g 

89700, 

This species, originally described from South America, has not been re- 
corded preAUoiisly for Central America. Both iiredia and telia are pr(‘sent, 
the iirediospores characteristic because of the apically thickened wall. 

Uropyxis diphysae (Arth.) Cinnmins, comb, iiov. (Ca!li(hs})oni dlpInj.siH 
Artli., Bot. Gaz. 39 : 391. 1905.) On Diphysa 'jlorihn)i(J(i Peyr., Dept. 
Huehuetenango : near crossing* of Bio San tJuan Ixtan, east of San Rafael 
PetzM, January 9, 1941, 

This species has apparently never been transferred to TJropgxk, althoiigli 
CalUospora is no longer recognized as a valid genus. 

The Arthur Herbariuai, Purdue University Agriculti;ral Experi- 
ment Station 
Lafayette, Indiana 
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EXPERIMENTS IN THE GRAFTING OF SPECIES IN 
THE GENUS VIOLA^ 

John D. Dodd^ AND Alexander Geeshoy“ 

INTRODUCTION 

Cyto-taxonomical and hybridization studies of the genus Viola have been 
in progress at the Vermont Agricultural Experiment Station for a number 
of years. The norm of hybridization limits among the species in the various 
sections and sub-sections of this genus have been determined (Gersfioy, 4). 
No intersection al crosses have been consummated although liybrids between 
species representing the distinct subsections of the Nominium section have 
been grown to maturity. The present investigation represents an attempt to 
determine what relationship exists between the capacity for hybridization 
and the capacity for grafting in this genus. 

In order to test for a positive correlation it is necessary to demonstrate 
that grafting limits lie within the violet genus as represented by the .species 
available for study. Evidence in the literature of graftage suggests that the 
limits are not generally confined to so small a range as a genus ; 

A. Mirov (8), in a recent paper, described experiments in which he 
found no difficulty in grafting various species of pine. 

B. Intergenerie grafts in many families, particularly in the Solanaceae, 
have been an object of study by numerous workers, many of them interested 
in ehimaeras. Jones (5) has discussed the work of Winkler, Baur, and others 
in this i-espect. 

C. Daniel-. (3), in a review of the literature and in a discussion of his 
own work, had eaflier shown that graft combinations are possible betiveen 
unlike species of plants separated, in some eases, by greater than generic 
differences. ■ 

A general statement of the problem, may perhaps be reduced somewhat 
to the following query; does a relationship exist between, on the one hand, 
the ability of twg, different protoplasms to survive in the close juxtaposition 
of tissues such as is afforded in a graft union and, on the other hand, the 
capacity of these unlike protoplasms to achieve a successful fusion of 

gametes? , 

In regard to the problem of grafting limits it should be emphasized hero 

1 PubHshed mth the approval of tlie_ Director of the Yermont Agricultural Exporinu'iit 
Station. 

2 Department of Botany, Columbia XJniversity; formerly assistant in researeli at the 

Vermont Agricultural Experiment Station. 

3 Assistant botanist at the Vermont Agricultural Experiment Station. 
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that the violet genuses recognized by Eiigier and Prantl (1) covers a very 
wide range of morphological types. It is not considered improbable, there- 
fore, that intragenerie limits might exist. So far as the authors are aware a 
stiid^yof experimental graftage has not been made in the violet genus. 

EXPERIMENTAL PROCEDURE 

Practical considerations limited the experimental program to the deter- 
mination of a fair sample of the reciprocal grafting combinations that are 
possible with available species. Five species were chosen for use as being 
representative of the wide morphological, anatomical, and physiological dif- 
ferences existing among the north temperature members of the genus. 

DESCRIPTION OF SPECIES TYPES USED^ 

Seetioii 3Ielannmi: V. tricolor var, florairensis (!) or 

var. lutea of horticultural origin ( !). 
This species is potentially biennial but often behaves as an annual. The 
axes of first and second order are erect and flowering. Flowering is con- 
tinuous throughout the season. Except in the basal nodes of older stems the 
proportion of parenchymatous tissue is high and mechanical tissue seems to 
be limited to the xylem elements- in the separate vascular bundles. The pith 
cells are ruptured by stem enlargement, resulting in hollow stems. 

Section Chamaemelanmm: V. canadensis L. 

This is a perennial species. The primary axes form short, thick, fleshy 
rootstocks which are transversely geotropic. Secondary axes are erect and 
flowering. Each aerial shoot is herbaceous and exhibits rapid growth of com- 
paratively short duration. Leaf- and flower-size diminish markedly as meri- 
stem activity dwindles. Mechanical tissue is limited to the xylem elements in 
the separate bundles and the proportion of parenchymatous tissue is high. 
Usually the pith cells are not enlarged beyond elasticity limits as judged by 
a lack of schizogenous areas. They are capable of some regenerative activity. 

Bection Nommium ^ mh^eetion Bostellatae: V. striata Ait. 

The basal portions of axes of first and second order become erect or in- 
clined woody rootstocks of at least biennial duration. Flowering axes are 
erect or inclined. They are herbaceous and have an intact pith. There is a 
layer of presumably pericyclic fibers which serves to isolate the phloem 
tissue of each bundle from the parenchyma cells of both the cortex and the 
medullary rays. New leaves and flowers are developed throughout the season. 

Section Nominmm^ suh^eciion IJncinataer V. odorata Ij. 

Primary axes are quite short, erect and at least of biennial duration. In 

4 The taxonomical descriptions are adapted from Grershoy (4). Certain anatomical 
and histological features are added by the authors in the present paper. 
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such axes the aniounts of cortical and pith parenchymt are reiatively siua4I. 
Vascular tissue becomes a complete cylinder resulting in a high pr()])ortion 
of mechanical conducting cells. Lateral axes form short or long, Icah' run- 
ners, potentially capable of rooting at any node. The anatomy of these 
runners is similar to that of the primary axes although there is not as mneh 
mechanical tissue present. A terminal rosette develops into a short, erect 
axis resembling the primary seedling axis. 

^eetion Nommmm^ subsection Plagiostigma: V. papilionacea Pnrsh. 

Primary axes are foreshortened into thick and fleshy rhizomes which 
form similar, secondary axes in the axils of the leaves. Continual branching 
and separation of branches results in clonal clusters. Leaves are long-petioled 
and have broad, cordate-ovate blades. Parenchymatous tissue is inclined to 
be mucilaginous in older plants, particularly in the rhizome. Flowers develop 
in the leaf axils of the seedling rhizomes first. 

The program of effecting reciprocal grafts among these five species was 
carried out during the summer growing seasons of 1939 and 1940. Since the 
north temperate species of violets grow very slowly and abnormally under 
warm greenhouse conditions in winter they are left in a dormant state. For 
this reason the study was limited to the months from May to September, i.e., 
between the times when the leafy branches Avere large enough to be used and 
when they became decadent in the fall. 

During these tw^o summers seA^eral hundred grafting operations were 
performed in an attempt to develop technics which would permit successful 
grafting of species with such varied morphology as those selected for study. 
Many of these experimental grafts were unsuccessful. However, as will be 
indicated elseAAdiere in this paper, individually successful grafts encom- 
passed most of the planned intersectional combinations. 

It was tentatively planned to attempt each interspecific combination a 
definite number of times and then to compare the numbers of the successes 
of each combination, thus putting the results on a statistical basis which 
might permit a conclusion as to the degree of success of any given inter- 
specific combination. 

However, it is obvious from the following considerations that such data 
as were obtained do not lend themseh^es to worthwhile statistical analysis : 

1. Since a successful graft indicates that a given type combination is 
possible all of the unsuccessful attempts to obtain a like combination may be 
the result of faulhV^t^^ 

2. The successful technics were developed by the trial and error method 
and varied markedly from each other. It has not been possible to enlarge the 
experimental program in order to analyze statistically the variables involved 


94 BULLETIN OP THE TORRE Y CLUB [Vol. 70 

i^ost closely ill gTafting success. Some of these variables are inentionecl 
briefly as follows: a, time of gTafting; b, relative ages of tissues in contact; 
c, relative areas of tissues in contact; d, pressure of bindings and protection 
of file graft region. 

EXPERIMENTAL TECHNIC 

The actual grafting technics were varied for each combination of species. 
The reciprocals of each interspecific combination often differed from each 
other, in methods used as well as tissues placed in juxtaposition. In general, 
however, the methods used can be classified into two well known types : sleeve 
grafts and whip grafts. Approach grafts were tried and abandoned since 
they gave poorer results than simple whip grafts and could only be used for 
the same types of species combinations. Bud grafts would have involved the 
manipiilation of extremely delicate tissue and were not considered practical 
under the experimental conditions. Bottle grafting, as described by Blakeslee 
and Farnham (2), is an interesting method w^hich, unfortunately, escaped 
the authors^ attention until the present experiments were coneluded. It will 
be tested later. 

Seedling grafts presented a definite obstacle to many of the desired grafts 
since such grafts would have required a union between the swollen and fleshy 
primary axes of such species as F. papilio7iacea and the slender, relatively 
unstrengthened axes of such species as V. iricolor. It is impossible, in such 
cases, to adequately match the areas of wuund surfaces. However, the seed- 
lings of V. papilmiacea were easily grafted to mature steins of Y, iricolor. 
The hollow stems of the latter species were split open lengthwise and laid 
flat against the cut surface of the fleshy rhizome of the former, thus com- 
pletely matching the cut surface. 

In order to maintain a degree of uniformity in inethods it was decided 
to reserve the method of seedling grafts as a separate problem and to use it 
in the present investigation only as a last resort when experiments with ma- 
ture plants failed to yield a desired interspecific graft. 

Cuts for the graftage were made wuth a sharp, clean razor. The stock and 
scion were tied together with strips of moistened cellophane tape which was 
found to be easier to manipulate than raffia. Each graft was bound with a 
narrow strip of Parafilm which was wrapped around the graft region in 
much the same manner as a tape bandage. The warmth of the fingers sufficed 
to form an adequate seal. This bandage was removed after about three weeks. 
A sliade frame was used during the first week but it was found that con- 
tinued close shading induced conditions favorable to mildew, particularly 
in grafts which involved V. iricolor ^ a species intolerant of shade. 

INTERPRETATION OP RESULTS 

At the beginning of this project it became obvious that the interpretation 
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of results would present a major problem. Fruit trees%iul oriiaiueiitaLs a^e 
grafted with a definite end in view wliieh, if attained,, indicates siumm^ss in 
grafting*. The present problem, however, did not lend itself to a single and 
immediately obvious criterion of grafting success and tiie selection of 
arbitrary tests which would define a fully successful graft became a eenti*al 
point in the interpretation of the results obtained. 

After careful consideration it was decided that a perfect graft (^ould lie 
defined as one which either possessed the following characteristic's or gave 
indications that these eharacteristies Avoid d be obtained were tlu* graft car- 
ried into another grovAUiig season : 

1. The graft must form a tissue union in Avhieh living cells of each mem- 
ber Avould be in immediate contact, that is, there should be no layer of ne- 
crotic tissue left between the stock and scion. Vaseidar continuity should be 
established between the stock and scion in such a tissue union. 

2. The root system of the stock and the shoot system of tlie scion should 
both continue Adgorous groAvth. The scion should develop vegetative parts of 
normal appearance from primordia AAdiich are laid doAvn at some time after 
the grafting operation. It is necessary to make a careful distinction between 
continued growth of ncAV primordia and the enlargement of parts in exis- 
tence previous to grafting. 

From a theoretical point of vieAV it should be proven that the stcx'k has 
utilized food material passed across the contact region by normal {'ouduction 
mechanisms. The use of seedling stocks would proAude a direct demonstra- 
tion of this since there Avould be coinparatiA^ely little reserve food in the 
primary axis and there Avoiild be no secondary axes of stock origin which 
AAUuld serve to feed the root system. Unfortunately, the previously explained 
limitations to the use of seedling stocks have prevented such a direct ])hysio- 
logical criterion. 

Some indirect evidence has arisen that stock tissue has iitiliz(xl scion 
foodstuffs. An example of this is the graft of V, odorata on Y. irieolov stock. 
In this graft only one of the Amscular bundles in the stock formed vastmlar 
eontinuity Avith the scion. It enlarged, through eambial action, to such an 
extent that it became comparable, in size, to the stele of an entire normal 
stem. Since all connection with the original stock shoot system luul been 
severed it seems a plausible explanation that scion foodstuffs Avere utilized 
in this hj^perplastic groAAdh of the stock. 

3. Daniers (3) postulate that, in a successful graft, tlie scion should ma- 
ture fruit, seems to be a sound one. In order for fruiting to take idace a graft 
union must form and the scion must continue growth. It should be emplia- 
sized again, here, that buds of the scion in existence at the time ot gratting 
may dcAmlop to some extent without the formation of a true union. lu uo sueli 
case, hoAvever, haAm the bud-S shown the beghmings of sAvollen ovaries. 
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r The first two criteC'ia of gTafting* success could be presupposed from data 
showdng that the scion had developed fruit from the primordia arising sub- 
sequent tn graftage; Fruiting could, then, be used as a single criterion. How- 
ever^ it has not always been possible to adopt this test in the present work 
because many of the developing grafts were cut short by the advent of ad- 
verse growing conditions, coincident with the beginning of the winter period 
of dormancy for violets. Thus, these grafts did not survive long enough to 
develop fruit. 

Attempts to overwinter some of the grafts, both on the original stock 
plants and as a form of cutting, met with failure. The apparent success of a 
few overwintered grafts was shown to be due to the formation of roots by the 
scion species. 

From the preceding discussion it is evident that in the determination of 
its degree of success each attempted graft combination is to be treated 
separately. The attempted grafts are discussed individually under one of the 
following classifications ; 

A. Successful grafts. 

B. Unsuccessful grafts. 

C. Special cases. 

I. Grafts involving y. as the scion. 

II. Grafts involving V, pa^nlionacea as the stock. 

A. SUCCESSFUL GRAFTS 

1. y. papilionacea on y. tricolor stock (fig. 3). 

A seedling rhizome of the scion species \vas sliced diagonally so that the 
apex remained uninjured. The stock was decapitated and split open length- 
wise on one side at the tip of the stump. The inner surface of the hollow 
stump was pressed against the cut surface of the scion and the gnaft was 
bound in the manner previously described. 

A graft union formed and the scion developed several leaves to a normal 
size. No fruit was formed during the duration of this graft but the extreme 
vigor of growth of the scion warrants its being termed successful. Mature 
rhizomes of V. papilionacea tried with no success, the failure being per- 
haps due to the inhibiting action of the mucilaginous substance which exuded 
from euf surf aces and which prevented a direct cell-to-eell contact between 
the stock and scion. 

2. y. papilionacea on Y, canadensis 

A seedling of the species used as the scion was prepared in the same 
manner as in the preceding graft. The stock was decapitated at the second 
node and a diagonal slice of such a length that the cut surface matched that 
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of tlie scion was made through the region of the iiode^The injured siirfaees 
were placed together and the graft was bound. 

A graft union formed and the scion developed several new leaves. It was 
considered, also, to be a potentially successful graft although the growth 
-was not quite as luxuriant as in the preceding case. 

3. V. odorataoii V. tricolor stook (fig. 6). 

The stock was decapitated and split open at the second node. A portion of 
a runner of V, odorata with a developing rosette at the tip was used as tlie 
scion. The runner was partially decorticated for about an inch and the cut 
surface was fitted into the hollow portion of the split inter node. The scion 
formed several new leaves and maintained a normal appearance. No flower 
buds were developed before the end of the growing season. A complex graft 
union formed in which a vascular bundle of the stock went through a ])eriod 
, of hyperplastic enlargement. This enlargement has been discussed piunuously 
as evidence that the stock was able to utilize scion foodstuffs. 

4. V, striata oil V. canadensis stock (fig. 1). 

The stock was decapitated at the second node and a diagonal slice, two 
inches long, was made up through the internode below to the node where the 
shoot ■was severed. A four-inch tip of a lateral flowering shoot of the scion 
parent ■\\^as cut off at the nearest convenient node. A diagonal slice was made 
from this basal node to the node above. The graft was bound in the usual 
manner. 

The scion continued to develop new leaves of normal appearance 
throughout the summer and finally matured a small pod with one seed. This 
is a very small percentage of the normal seed number.^ 

5. V. odorata on y. canadefisis stock (fig. 4:). 

The stock was decapitated at the second node and slic(*d diagonally as in 
110 . 4. A portion of a runner of V. odorata with a terminal rosette was used 
as the scion. This runner w-as sliced diagonally so that its cut surface matched 
that of the stock. 

A graft union formed and the scion continued normal growth. Two seed 
pods were matured during the rest of the season. There was one seed in eacli 
pod.^ 

6. y. striata on V. odorata ^tock (fig. b). 

A three-inch tip of the scion plant was cut off* at tlie nearest node and 
sliced diagonally. The terminal imsette of a runner of 7. odorata was cut off 

5 Mancli (8) recorded the normal seed number for several species of violets. The seed 
numbers of all pods formed by scions in the present experiments were small percentages 
of the normal number for the species used as scions. 
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and tlie riiimer was uJed as the stock in a typical whip graft. A union formed 
and the scion eontinned to develop new leaves of normal size tliroxighout the 
season. N<t fruit was niatured and no flower buds were observed. 

Although V. odorata has formed several unions as a scion this is, so far, 
the only successful graft in which this species has served as a stock. 

7. V, odorata on V, striata stock (fig. 2). 

A runner with terminal rosette was used as the scion. The stock was 
treated in the same manner as the stock in no. 5. The graft was a typical 
whip graft. 

A union formed and the scion continued normal growth. Two seed pods 
were niatured towards the end of the season, each containing one seed. 

8, F. tricolor on V. canademis stock. 

The stock was decapitated at the second node and its cortex was removed 
over a length of two inches and about two thirds of the circumference. A 
four-inch tip of a flow^ering shoot of F. tricolor was split lengthwise at its 
base and fitted as a sleeve around the stump of the stock. 

A graft union formed and slight vegetative growth occurred. Flower buds 
in evidence before the graft developed into flowers but did not develop fruit. 
However, F. tricolor does not self -pollinate readily by mechanical means 
although it is not self-sterile. This graft was regarded as being only moder- 
ately successful. 

B. UNSUCCESSFUL GRAFTS 

The grafts listed below were attempted several times, with varied tech- 
nics, without success. However, the number of attempts wms not statistically 
large enough to warrant the generalization that grafting is not possible in 
these cases. Special technics for these combinations have not been devised 
as yet. 

1. V, tricolor on V. odorata stock. 

The reciprocal of this, however, was successful. 

2. Y. papilionacea on V. striata stock. 

The reciprocals of grafts (2) and (3) are discussed under Special Cases, 
'■part 2. 

S. V. papilionacea on V. odorata stock. 

4. Y. tricolor on V. striata stock. 

5. Y. striata on Y. tricolor stock. 

Explanation of figures 1-6 

Fio. 1. F. striata on V. canadensis stock. Pig. 2. F. striata on V. odorata stock. 
Pig. 3. F. papiUonacea on V. tricolor stock. Pig. 4. V. odorata on F. striata stock. Pig. 
.5. F. odorata on F. canadensis stock. PiG. 6. F, odorata on V. iricolor stock. 
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. C. SPECIAL CASES 

Several of the grafts attempted could be classed neither as successes nor, 
defiiiitel}",** as failures. Certain morphological characteristics of one of the 
species involved made it difficult to devise technics of grafting which would 
give satisfactory results from the point of view of the arbitrary criteria 
previously discussed. These questionable results are here grouped together. 

1. Grafts involving V. camdensis as the scion. 

It has not as yet been possible to induce V. canadensis to continue growth 
as a scion, either as a self graft or wdth other species as the stocks. Mature 
branches form homoplastic graft unions readily and do not deteriorate 
prematurely. But even in such self grafts they do not continue to develop 
new parts. As has been pointed out previously the aerial branches of this 
species have a rapid growth-i^hase of short duration. The growth, of these 
branches as scions in a graft as well as in the undisturbed shoot is highly 
determinate in the sense that meristem activity dwindles, which causes the 
size of leaves and flowers to fall off rapidly near the end of growth. Attempts 
have been made repeatedly to graft the shoots of V. eanadensis in the grow- 
ing period. However, they are so tender that they wither quickly in spite 
of shade protection. It is considered possible that the technic of bottle graft- 
ing may contribute pertinent data to this problem since it might permit the 
use of immature branches by giving them an accessory supply of water until 
they establish vascular continuity with the stock. 

From the above discussion it is evident that only one and, on the whole, 
an unsatisfactory criterion of success could be used here, namely that of 
graft union formation by mature branches when used as scions. 

The three grafts listed below existed for a period of more than two 
months during which time no noticeable changes in the scion, other than a 
slight chlorosis, were recorded. 

Y, canadensis on V, tricolor stock, a sleeve graft. 

V. canadensis on Y. striata stock, a 'whip graft. 

T. canadensis on Y. odorata stock, a wffiip graft. 

The remaining graft combination, involving Y. canadensis as the scion, in 
which attempts were made to graft it on Y. papilionacea stocks is discussed 
below'nnder Special Cases, part 2. 

2. Grafts involving y. papifcnacea as the stock. 

As explained above this species does not produce erect, aerial shoots or 
runners of long-continued growth which could be used easily as stocks. 
Attempts to use mature rhizomes were uniformly unsuccessful. The presence 
of large amounts of mucilage secreted by injured rhizomes has been sug- 
gested as inhibiting a direct cell-to-cell contact between stock and scion. 
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The leaf petioles of this species are long and stui4y eiiongli to warrant 
their attempted nse as stocks. The amount of mueilage secreted by injured 
petioles is eoiiiparatively small and in several instances graft unions formed 
when petioles were used as stocks. A few parenchymatous cells were observed 
to have been transformed into xylem elements but vascular continuity was 
not established between stock and scion. Moreover^ the scions merely t‘xisted 
without change, none of them showing any indications of continued growtii. 
These grafts are interesting, however, from the point of view of the prolifera- 
tion of cells ivhieh occurred. Such a proliferation perhaps indicates tliat suc- 
cessful grafts are possible when V. papiUonacea is med as a stock, providing 
an adequate technic can be devised. 

The following species were used as scions in grafts upon leaf petioles of 
V. papilionacea. The general description immediately above applies equally 
well to all of the resulting grafts: V. canadensis, T, tricolor, h. striata, F. 
odor at a. 


TABLE I. P.esults of Grafting Experiments in the Genus T tola 


Stocks Scions 

F. striata 

F. odorata 

F. papiUonacea 

F. canadensis 

F. tricolor 

F. striata 


+ 

\ 0 

S 

0 

F. odorata 

^ + 


! 0 

s. 

0 

F. papilionacea 

S 

S 


' ^ ; 

S 

F. mnadensis 

+ 

+ 

+ 


+ 

F. tricolor 

0 

1 + 

+ 

s 



+ Indicates a successful graft. 

O Indicates a failure not due to observed technical difficulties. 

S Indicates a failure which may be due to technical difficulties and is discussed in the 
text under Special Cases. 

Self grafts have not been included in the present study. 

CONCLiUSIONS 

The results briefly summarized in table 1 indicate that seven out of the 
ten graft combinations possible among the selected representative sp(‘cies 
in each of the distinct sections and sub-sections of the genus \iola have been 
successfully consummated in at least one of the reciprocal stock and scion 
relationships. It may be inferred from these results that the failure of one 
reciprocal can find no assumed basis in phylogenetic divergences if the other 
reciprocal has been obtained. 

It is postulated further that the failures listed above are due* to teehnie 
rather than to so-called grafting ineon|patibilities arising in some wa}" froiii 
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pli\^log‘eiietie divergeifee. A discussion of possible reasons for tliis technical 
failure has been presented in the text. 

The concliisions presented are (a) that grafting liniits are not coincident 
with" any morphological divisions of the genus sneli as those pia^scmted by 
Bugler and Prantl (1) ; and (b) that there are probably no geiun^al grafting 
limits Avithin the genus Viola, It would, of course, be an inipra(hi(aible task 
to demonstrate the presence or absence of specific grafting inu-ompatibilities 
which iniglit exist between any of the large number of spe(hes in the genns, 
regardless of their relationships. The one example in the present Avork Avhich 
is suggestive of such a condition is the failure of V, striata and V. tricolor to 
form a graft union in either reciprocal combination. This example, however, 
should be investigated to a fuller extent before any conclusions as to the 
failure are reached. 

No serviceable correlation can be made, therefore, betAveen grafting 
limits and tlie hybridization index as determined by Gershoy (4). In the 
latter Avork it has been sliown that hybridization limits closely folloAV the 
broad morphological delineations: no crosses having been eoiisiiinmated 
betAA'Cen species in the major sections of the genus. 

HoAA'eA’'er, the section Nominiuni is divided into three distinct subsections 
and a feAV hybrids betAveen species in different subsections are in existence. 
Of these, the hybrid V. conspersa x papilionacea has been discussed by 
Marvin (7) and by Pierce (9). V. papiMonacea in the Plagiostignia sub- 
section was used in the present Avork while V, conspersa in the Bostellatae 
subsection is closely related to V. strMa, which formed a partially success- 
ful graft AAuth V. papilionacea. 

The hybrid V. Bivinian not been discussed in print. 

It is a vigorously growing form which is being studied in detail since it 
serves as a bridging mechanism^' between the subsection Bostellatae in 
Avhich y. is placed and the subsection Uncinatae Qontammg V. 

odor at a, ^ V. Biviniana is closely related to V. striada, which has formed 
successful grafts with y. 

These data show, as might be expected, that success in grafting may 
parallel success in the hybridization of species to a certain extent. However, 
the statement that grafting limits are not correlated Avith the hybridization 
index may be made quite definite by pointing out that successful grafts have 

6 By tlie use of tlie coleMcine teelmic the sterile F-1 hybrids have been iuduced to set 
seed. There are now in existenc, T''2, P-3, and ^"4 plants which are strikingly similar in 
appearance. The fertile amphidiploid plants differ, characteristically, from the sterile Fd 
hybrid in possessing /c^acr and somewhat shorter iiiternodes, thicker shoots, larger and 
somewhat thicker leaves and flowers and, also, bigger pollen grains of wliicli a large per- 
centage is quite imperfect. The F-2 plants have been used in pollination Avith races of 
both j)arent species, thereby producing seeds of assumed back-cross origin (unpublished 
data). It is stated by Engler and Prantl (1) that a hybrid of this nature does not occur 
ill the wild and, moreover, is unexpected because Of the dissimilarity of the species involved. 
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also been obtained between speeies in those groups Yfljieh are isolated .fnnn 
each other by definite hybridization barriers, i.e., the grafts V, striata on V. 
canadensis stock and Y. odorata on Y, camdensis stock have Jinked tlie 
Nomdnnim section with the Ghamaemelanimi ; the grafts V. odorata (?n Y 
tricolor stock and V. papiUonacea on V, tricolor stock liave linked the No- 
mm mai section with the Melanium; /md the graft V. tricolor on V, cana- 
densis Mock linked the Melanvim section with the Chamacmelaniam. 
No hybrids between species in these three sections are known to exist. 

SUMMARY 

An attempt has been made to determine whether or not a correlation 
exists between the capacity for grafting of speeies and the liybridization 
index in the genus Viola. Within the genus the barrier to a successful sjiecies 
graft centers upon a lack of adequate technic rather than upon sonniiled 
grafting incompatibilities arising in some way from the phylogenetic- diver- 
gence of the species involved. This conclusion is drawn from results demon- 
strating potentially successful grafts in seven of the ten possible interspe- 
cific combinations among the five species chosen to represent the wide range 
of morphological types in the genus. There appears to be no serviceable 
correlation between success in hybridization of species and species grafting. 

Sincere appreciation is due for the generous co-operation given by Prof. 
E. Matzke of Columbia University, who has made a eonstnieti\'e critieisin 
of the manuscript. 
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GROWTH OF FRUITS IN CATTLEYA AND ALLIED 

" GENERA IN THE ORCHIDACEAE 

Robert E. Duncan and John T. Curtis 

The Cattleyeae, a tribe of the Orchidaceae inhabiting the tropics and sub- 
tropics of the New World, contains the majority of the important coiu- 
inereial orchids. Its several genera, more than one thousand species, and some 
six thousand recorded hybrids form the basis of a one-hiindred-million-doh 
lar industry in this country alone. Pour of the genera, Brasmvola^ Laelia^ 
CaMleyay and SophronUis, and their intergeneric hybrids indicated by 
combination names, such as Brassolaeliocattleya, contain the ^'Catts” of 
commerce. 

The development of fruits in the Cattleyeae has been studied only by 
Veitch (1888) who gave the periods of time elapsing between pollinatioii 
and fertilization, and between the latter and fruit maturation of Cattleya 
laMaia var. mossiae and illustrated the fruit wall changes. In general his 
treatment is much like Hildebrand’s (1863) and Guignard’s (1886) with 
respect to other orchids. The value of these investigations, in addition to the 
periodicities listed, lies in the formation of the twnfold concept that pollina- 
tion functions in setting fruit and is necessary prior to fertilization. 

Kirchner (1922) investigated the course of events after self pollination 
in orchids. He found three types of behavior, which led to sterility, based 
on inability of the pollen to germinate on the stigma, inability of the pollen 
tubes to grow down into the ovary, and production of seeds without embryos. 

Duncan and Curtis (1942a) found phases of growth in both length and 
diameter of the fruits of. Phalaenopsis^ the phases being correlated with 
certain internal changes. These changes are fundamental physiological hap- 
penings, such as pollination and fertilization. They showed the inter-relation- 
ships of incompatibility-sterility factors to growth of the fruit. In Phalae- 
nopsis there are three phases of growth in diameter, during which prolifera- 
tion of the placentae culminating in the initiation of ovule rudiments, mat- 
uration of the maerogametophytes, and embryo growth respectively take 
place. The first phase of growth in length lasts through the first two phases 
of growth in diameter ; the second, when present, takes place at the time of 
embryo growth. The maximum rate of macrosporogenesis occurs during a 
relatively quiescent period, as far as growth in diameter is concerned, be- 
tween the first and second phases. Fertilization takes place when both growth 
in length and diameter is near a minimum. 

Duncan and Curtis (1942b) found two phases of growth in diameter of 
fruits of Cypripedmm and Pap These phases coincide with 

104 . 
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macrogametopliyte maturation and seed development, €%ule rudiineids b 
present at the time of pollination. A single phase of growth in length con- 
cludes at the time of fertilization. 

Eilei' (1942) has pointed out that the radii passing through the sep?um 
and midrib of Iris fruits grow at relatively different rates but reversals in 
the rate of growth of the radii occur so that the one originally growing faster 
is then slower. These changes in rates, produeing breaks in the growth curve, 
take place when the fruit shape shows evidence of changing. Fertilization 
apparently bears a relationship to one of the breaks. 

MATERIALS AND METHODS 

The genera, species, and hybrids used in the present study may be found 
in the following list : 


Species 

Brassavola nodosa Lindl. 

Cattleya amethystoglossa Lindl. & Reichb. f. 
C. Mcolor Lindl. 

C. ’boivringiana Yeitoh 
C. granulosa Lindl. 

C. guttata 

C. mterniedia CTraham 
C. lahiata Lindl. 

C. loddigesii Lindl. 

0. luteola Lindl. 

C. slcmneri Bateman 
C. trianaei Lindl. & Eeichb f. 

Epidendrum ciUare L. 

B. cochleat'uni L. 

B. tampense Lindl. 

Laelia gouldiana Reielib f. 

L. pur pur at a Lindl. 

L. tenehrosa Gower 
L. xanthina Lindl. 

Leptotes bicolor Lindl. 

Sclioinhurg'kia lyonsii Lindl. 


Hybrids 

X Brassocattleya John Linford 
X Be. Jupiter 
X Bc.Marie.-Marie 
x Bc. Yellow Hammer 
xBrassolaeliocattleya Dorothy Fennell 
X Cattleya amdbalis 
X C. Brussels 
X C. Cadwalader 
xC.Dupreana 
X C. Bnid 
X C. Kitty Wren 
X C. Mma 
X C. Molly 

X C. Prince Shimadzu 
X Bpidendrim Burtonial 
X Laeliocattleya No. 19 
X Lc. No. 21 
xLc.N 0.161 
X Lc. Canhamiana 
X Lc. Gomersal 
xLc.a.S.BaB 
x Lc. Schiller iana 
x Lc. Wellsiana 
X Sophrolaeliocattleya No. 519 


The studies were made at the Morris Arboretum and the botany green- 
houses of the University of Pennsylvania, both in Philadelphia, and at the 
ranges of Dr. C. K. Schubert and the botany greenhouses of the University 
of Wisconsin, both in Madison. 

Pollinations were cross (between clones), close (within the clone), or self 
(within the flower). Distant crosses were intrahybrid or interhybrid, intra- 
specific or interspecific. Inter hybrid crosses were intrageneric or inter- 
generic. The nuinber of pollinia forming the entire complement of a flower 
was generally used (four in Cattleya, in Leptotes, eight in Laelia). There 
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are several exeeptioi|’:i caused by size of the stigmatie cavity which was some- 
times too small to hold all the pollen. The most study was devoted to four 
forms: Catileya trianaei, C. lowringimia, Epidendm tampefise^ mid E. 
eodileatiim var. triandrim. Approximately 175 ovaries were measured from 
flower to mature fruit in all the studies. 

The fruits of the Cattleyeae like those of Phalaenopsis and the 
pedilvnae are lined with grooves whose terminations are closely associated 
with the distal and proximal limits of the ovary cavity. It is not unusual, 
however, to find fruits whose grooves extend either somewhat down the pedi- 
cel or slightly up the beak of the ovary. Since measurements made of the 
pedicel and beak of the ovary do not change during fruit maturation these 
slight variations were disregarded and the groove length has been accepted 
as the length of the ovary. In later studies these limits were marked with 
India ink so that the distance between the same points could be measured 
more exactly each time. The diameter at a level about one-half the way down 
the ovary -was marked and measurements made at this point. As the ovaries 
of some species enlarge the edges of certain lobes fold back, leaving an ever 
widening sinus in which the alternate lobes are located. The width from the 
enlarging edge of the wung of one lobe to that of the adjoining — in other 
words the wddth of the sinus— was measured in several series from the time 
of its appearance until its permanent width 'was reached. All measurements 
were made to 0.1 mm. with vernier calipers at 'weekly intervals. Graphs 'v^'ere 
made by plotting a moving average of the weekly percentage of total growth 
in length and diameter respectively. 

Fruits of Cattleya trianaei, C. howringiana, Epidendrum tampense^ and 
E. cochleatuni var. triandmm were removed at intervals, fixed, and sec- 
tioned for study of internal changes both in the ovary wall and ovules. When 
the fruits w^'ere mature the percentage of fertile seeds w’’as determined by 
counting statistically significant samples of well mixed, dry seeds from each 
fruit. All those seeds having an opaque embryo of normal size w^ere con- 
sidered to be fertile. In some instances germination tests w^ere used to cor- 
roborate these counts. When fruits ripened prematurely they were examined 
in an effort to determine the cause. 

The effect of the amount of pollen on the growth of fruit wms tested by 
varying the number of pollinia applied to the stigma. One, twm, four, and 

Explanation of figures 1-10 

Grax^lis xjortraying the growth of fruits of ten species of thQ CattleA/eae. Growth in 
length is shown by solid lines; growth in diameter laj dotted lines. The figures at the left 
of each graph represent percentage of total growth in length; those at the right percentage 
of total growth in diameter. Pig. 1. Brassavola nodosa. Pig. 2. Epidendrum ciUare. 
Pig. 3. Laelia tenehrosa. The last phase of growth in diameter occurs after twenty weeks 
and is not shown on the grax)h. Pig. 4. Leptotes Mcolor. Pig. 5. Schom'burgMa lyonsH. 
Pig. 6 .- Epidendrum coohleatum var. triandrum. Pig. 7. Cattleya ametliystoglossa. Fig. 
8. C. howrmgiana. Pig. 9. C. granulosa. Pig. 10. C. loddigesii. 
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six polliiiia were iii two series of x^ollinations : one series on x Cattleya 
Molly ; the other, on C. trianaei. 

Light among environmental factors, was studied with respect to its eftect 
onlhe growth of fruits. A number of flowers were pollinated on Cattleya 
trianaei: one series on plants growing* in an eleven-hour day and another on 
plants growing in day length increased to twenty hours by two 100-watt 
fluorescent-tube lights. 

Attempts were made to simulate the pollination effects by various elienii- 
cals and to induce fruit development by artificial means. 

RESULTS 

Figures I-IO portray the growth of fruits of six genera of Cattleyeae and 
of four species within the genus Cattleya. All fruits represented in this 
group, with the exception of that illustrated by figure 5, produced seed, and 
are eliaraeterized by three phases of growth in diameter and one major phase 
of growth in length. A second and minor phase of growth in length is not 
always found, but wdien present, is associated with the third and last phase 
of growth in diameter. ■ 

The orchid ovary has six components wdiich appear as lobes in cross sec- 
tion. Three of the components each bear a single placenta and three are 
sterile. Morphogenesis of the ovary wall from flower to mature fruit varies 
greatly from species to species of the Cattleyeae. For example, the six com- 
ponents of the ovary of Cattleya howringiana are approximately of the same 
si 2 :e in the flower and grow at about the same i^ate dxiring fruit development. 
Flaps of the placentiferons lobes abut on each other and hide the sterile lobes 
until dehiscence of the fruit in certain races of C. trianaei (figs. 19, 23-26). 
The sterile lobes are hidden in the flower of Laelia tenehrosa but are disclosed 
by the widening of the sinus between the placentiferons lobes as the ovary 
grows. The placeiitiferous lobes assume a number of different forms iiv addi- 
tion to their varying relative proportions in the fruit. Figures 15 and 17 to 
20 inclusive illustrate some of these eoiiformations. The effect of structural 
differences of the wall on the growth curve for diameter can be deduced by 
comparing the curves for Cattleya howringiana (fig. 8) and XacZia tenebrosa 
; (fig.V3). y' ^ ^ 

The amount of pollen placed on the stigma does not alter the proportions 
or shape of the mature fruit but does increase the nltimate size reached in 
growth by the fruit (fig. 27). Figures 11 and 12 show that the weekly incre- 
ments of growth in both length and diameter are increased by the application 
of a larger number of pollinia. Growth in length is maintained at a greater 
rate for a longer period of time in the first growth phase of ovaries which had 
been pollinated with six pollinia (fig. 12) . The position and time of the inter- 
phases of growth are not affected. The peaks of the second and third phases 
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of growth in diameter are shifted farther apart ; the ckiratioii of the iiiter- 
phase, ill which fertilization takes place, is lengthened. The percentage (not 
the number) of seeds containing embryos is not significantly affepted. Tlie 
yields for x Cattleya Molly with one pollinium is 58.8 per cent; with hvo, 
53.3 ; with four, 51.8 ; and with six, 54.2. The yields for C. irmnaei witli one 
pollinium is 51.2 per cent; with four, 54.0; and with six, 61.0. This .series 
seems to indicate an upward trend with increasing numbers of pollinia but 
anj’' possible significance is nullified by the results with x C. Molly. 

Increasing the effective day length from eleven to twenty hours brings 
about the maintenance of growth in length and diameter at a higher rate 


FIG. II FIG. 12 
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Figs. 11-14. Graphs illustrating growth of fruits of Cattleya trianaei. .Fig. 11. 
Increment curves of growth in diameter for three fruits of a late blooming form, each 
with a different number of pollinia. Fig. 12. Increment curves of growth in length for 
the same fruits as in figure 11. Fig 13. Increment curves of growth in diameter for fruits 
of two plants of an early blooming form, each exposed to different day lengths. Fig. 14, 
Increment curves of growth in length for the same fi’uits as in figure 13. 

over a longer period of time (figs. 13, 14). This is partieiilarlv true with 
respect to diameter; however, growth in diameter in the twenty-hour day 
never reaches the peak rate that is reached under the eleven-hour da.v. Ihe 
period of slower growth between the first and second phases of growth in 
diameter it obscured. Neither the period of time necessary for the maturation 
of the fruit nor the percentag'e of seeds possessing embryos in a fruit is 
altered by the increased day length. The percentages wwe 55.2 for a fruit 
from the eleven-liour day and 52.9 from the twenty-hour day. 
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Tlie following* is iiiade up of selected crosses of ^^arioiis kinds. Low 
percentage of viable seeds is reflected to a limited extent in curves repre- 
senting ijiicrements of growdli in diameter. 


PEKCENTAGE OF SEEDS 


CatUeya species Per cent 

C. trianaeiy cross pollinated 

(8) 87.6-61.4 

C. b'imiaci, selicd (1) 0.0 

C, hoiiyringkina, cross polli- 
nated (4) 66.7-78.3 

Laelia species 

L. tenehrosa, cross pollinated 

(2) 48.3-64.8 

Cattleya species X Laclki spe- 
cies 

C. howringkma X L, tene- 

hrosa (2) 41.7-62.1 

X. tenehrosa X C, howringl- 

ana (2) 6.2-19.7 

Cattleya species X Cattleya Ivy- 
brid 

0. loddigesii XxC. Molly (1) 63.6 

CatUeya hT])rid X CatUeya spe- 
cies 

X 61 Molly X 6. lah iata (1) ... 64.1 

Cattleya hybrid X Cattleya liy- 
brid 


POSSESSING EWBRYOS 


X'6. Molly, cross pollinated 

(4) 51.8-54.2 

x6. Moky, selfed (1) 0.0 

Laelloeattleya hybrid X Laelio- 
catUeya hylnld 
X Le. No. gi, close pollinated 

(2) 17.1-17.2 

X Lc. No. l!t, cross pollinated 

(1) 28.0 

lAielweattleya hybrid X. Cat- 
tleya hyl)rid 

X Lc.' No. ' 121 XxC. Molly ( 1 ) 11.1 

xLc. No. 221 XxC. Kitty 

Wren (1) 36.2 

Laelia species X CatUeya hy- 
brid 

L. tenehrosa XxC. Molly (1) 87.2 

CatUeya hybrid X Laelia species 

X c'. Molly X L. tenehrosa (1) 66.6 

Cattleya hybrid X Laelioeat- 
tleya livbrid 

X C. Molly X X Le. No. 19 (1) 64.8 


The study of the internal development shows tliat placentae of Epideik 
drum CAJchleatum var. iriandrum, at the time of pollination, has already 
undergone some proliferation. This is not true of Laelia xaiithina (fig. 17) 
or In C. granulosa (fig. 18) there is a certain 

amount of proliferation by the time the x)erianth expands but the placental 
ridges are still reflexed. Cattleya aniethystoglossa has placental ridges which 
project radially toivard the center of the ovary cavity; hoivever, little pro- 
liferation has taken place by the time of anthesis. One wx^ek after pollination 
the ovary of E. cocMeaMcm var. triandriim has enlarged considerably throngh 
periclinal elongation of the inner cell layers of the ovary wall. This; together 
with the enlargement of outer cells of the ovary wall, allo'vvs a considerable 
increase in the amount of ovary cavity into which the placentae have ex- 
tended through enlargement of their constituent cells. Only scattered 
nuclear and cell divisions were seen in the ovary wall, those present being 
in the vicinity of the veins, the hypodermal layer of the placentiferous lobes, 
and the regions wdiere dehiscence will take place at maturity. Greatly en- 
larged scattered cells contain either raphides or elaioplasts, both having been 
present in cells of the ovary of the unpollinated flowxr. There seems to have 
been a general increase in the ininiber of cell layers in the portion of the 
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ovary wall adjoining* the cavity but iiisnfficieiit cell dh4ious have l)e(Mi schoi 
to account for the approximately five extra cell layers of the wall. It is jiossi- 
ble that these took place as in Flialaenopsis very slioidly after pollhiatiou-™ 
withiii two or three days. The prolifei*ations of the placentae in the weekmld 
fruit show some scattered nuclear and cell divisions but in general the tips 
of the ramifications have assumed the shape of an ovule rudiment. In soim^ 
cases the hypodermal cell has enlarged somewhat, and has the a]>])earaiu‘e of 
a primary archesporial cell. . 

At the end of the second Aveek groups of pollen tubes are fonml growing 
along the sides of the placentae. The ovules show the beginnings of the first 
integument and a curvature. There are a considerable number of division 
figures in the nucellus and beginning integuments. One Aveek later the marro 
spore mother-cells of most of the ovules are entering reduction division, 
although a feAV ovules contain four-nucleate macrogametophytes. At the close 
of the fourth Aveek a fevv oAUiles are ready for fertilization, but the majority 
still contain macrospore mother cells in some stage of reduction division. 

By the end of the fifth Aveek, at the time of a second phase of groAvth in 
diameter Avhich is very closely associated Avith the first (fig. 6), a, greater 
portion of the ovules have assumed mature form and shape. During tlie 
ensuing tAVO Aveeks fertilization takes place. At the eonclusion of seven weeks 
most of the ovules contain small embryos. At the end of the ninth week, dur- 
ing the third phase of growth in diameter (fig. 6), the embryos have enlarged 
greatly, their suspensors have groAAn out through the niicropyle and reached 
the surface of the placentae. The seed coats have taken on their mature 
texture. 

The intervals at AAhicli the ovaries of other forms reach the critical points 
of meiosis and fertilization vary considerably. In many of the one-leaved 
species of Gattleya the first growth period intervening betAveen pollination 
and reduction division in the oAuiles is about seventy days. Figure 28 is a 
photograph of the bundle of pollen tubes dissected out of a fruit of G. 
trianaei just prior to fertilization. The column and beak of the ovary Avhicli 
is left attached at the upper end gives an indication of the relatively large 
proportion of pollen tubes to ovary. 

The period necessary for ripening of the fruit and the natural dissemi- 
nation of the seeds varies from three months for Epidendvum cochlmhim 
var. iriandrum to fifteen for trianaei under greenhouse conditions 

in Wisconsin. 

Induction of parthenocarpy by artificial means AA^as attempted in a series 
of exploratory experiments conducted over a three-year period. Fourteen 
species in the following genera, of which only Laeha and Gattleya belong in 
the Gattleyeae, AA^ere used as experimental material: Gyrfopodnnn^ 

Laeliay MiltoniayOncidiu‘myPa2^hiopediM Vanda ^ and Zygo- 
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petahim. Substances employed were : indole-acetic, indole-propionic, indole- 
butyric, and naphtlialene acetic acids; Gonadogeii; water and alcohol ex- 
tracts of t)otii ung'erminated pollinia and pollen tubes. These agencies were 
trie*d in different concentrations in water solution, in glycerine solution, in 
lanolin emulsion, and as dry crystals (where possible). They were applied 
externally by spraying or painting, internally by injection into either the 
ovary cavity or the nectary, or w^ere introduced into the stiginatic depression 
in cotton pellets or dry agar blocks in simulation of natural pollination. 

The heteroauxins and the pollen extracts brought about wilting of the 
perianth in all species, except in Zygopeiahmi whose perianth segments do 
not wilt even after pollination. The stigma changes associated with pollina- 
tion in Phalaenopsis were duplicated by 0.1 per cent indole-acetic acid in 
lanolin. The most efficient method of application was the dry agar block 
technique. Apparently the absorption of water by the agar influenced the 
water relations of the perianth in the same manner as the natural pollinia. 
Initial elongation of the ovary was noted in Cattleya (nvdximiim elongation 
w^as 7 mm. in C. trianaei). In no instance did any of the treatments on any 
form result in fruit formation.^ 

DISCUSSION 

Comparison of the growth curves of the various members of the Cattleyeae 
included in this report reveal considerable variation in length of time elaps- 
ing between pollination, meiosis, fertilization, and maturation of the fruit 
respectively. There is a further variation in the relative magnitude and pro- 
portions of the various parts of growth curves erected on weekly increments 
of growth. Epidendnmi ciliare var. laiifolia (fig. 2) and E. cocJileatiim var. 
triandnm (fig. 6), for example, differ greatly in the duration of the first 
phase of growth in diameter, the former having a considerably extended first 
phase. E. cocMeahim var. triandrim has a second phase of growth in diame- 
ter which is greatly telescoped by the first but clearly distinct from the third. 
In general, however, there are three phases of growth in diameter and one, 
sometimes two, of growth in length of fruits of the Cattleyeae studied. The 
phases of growth in diameter coincided respectively with proliferation of the 
placentae and initiation of ovule rudiments, growth of the ovule and matura- 
tion of the macrogametophyte, and growth of the embryo and maturation 
of the seed. The first phase of growth in length is generally completed before 

1 Hubert and Maton (Parthenoearpie en groeistof. Natimrweteiisehap. Tidjschr. 2;1: 
339—348. 1940.) bave reported the production of parthenoearpie fruits of considerable size 
induced by the application of crystals of naphthaleneacetic acid on the stigmas of a Ci/w- 
Mdium hybrid and Oncidium longipes,/!ei[te bearing of our own results on this report is 
obscure. The publication has not been available to the authors. 

Since this paper has gone to press we have had some success in setting parthenoearpie 
fruit on Zygopetakim mackayii with naphthoxyacetic acid and naphthalene acetamide. 
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the end of the second phase of growth in diameter. Allthe conclusion of the 
first phase of growth in diameter meiosis is taking place. At the conelusion 
of the second in diameter fertilization occurs. 

The first phase of growth in diameter is sometimes modified by tiie iliiti- 
ation and growth of a sinus, as in CatUeya trimiaei (figs. 19, 23-26), betiYcen 
the wings of the placentiferous lobes. It is possible that telescoping of the 
first two phases of growth in diameter in Epidendrimi coMeatum vm tri- 
andrum is caused by the growth of the singular projection of the placen- 
tiferous lobe at the time of meiosis (figs. 20-22). Epidendrum ctliare (fig. 2) 
and iampense (figs. 15 and 16), which do not possess such projections, do 
possess clear cut first and second phases of growth in diameter. Shortening 
the period devoted to each phase (climate would shorten the growing period) 
tends to run the phases together. Epidefidnim cochleafum var. trlandnim 
has the shortest ripening period of any member of the Cattleyeae studied; 
it is native to the northern shores of the Gulf of Mexico. The phases, of 
course, could be portrayed graphically more readily by the use of four-day 
rather than weekly intervals of measurement. 

The growth of the fruit and its relation to internal changes in the 
Cattleyeae agree precisely with the development of fruits ot Phalaetwpsu, 
The peak rate of growth in length generally occurs at about the same time 
as the peak rate of growth in diameter ; this feature of the Cattleyeae is un- 
like Phalaenopsis whose peak rate of growth in length occurs between the 
first t^YO phases of growth in diameter at the time of the maximum rate of 
maerosporogenesis. 

The chief difference betw?-een the members of the Cattleyeae ami Phalae- 
nopsis wdth respect to pollination effects lies in the behavior of the stigma. 
The edges of the stigmatic cavity of Phalaenopsis grow over the cavity and 
imprison the pollinia. This growth is brought about by enlargement of the 
cells making up the tissue involved. The stigma in the Cattleyeae remains 
unchanged after pollination with the exception that at times more stigmatic 
fluid may be secreted. Since this difference is one that mainly concerns water 
relations it is possible that an effect on growth could be detected. The initial 
lag for one or two weeks in growdh in length of fruits of Phalaenopsis is not 
detected in the growth of fruits of the Cattleyeae, If such a lag is present it 
is of considerably reduced duration, A rapid initial growth in length is 
characteristic of the Cattleyeaej the only exception found hemg Epidendrum 
ciliare. All immediate redistribution of water under the stimulus of pollina- 
tion is indicated by the simultaneous collapse of the perianth and the en- 
largement of tissue in other parts of the flower- — i.e., the enfolding of the 
stigma edges in Phalaenopsis and the elongation of ovary wall cells in the 
Cattleyeae. The application of heteroauxins brings about these respective 
effects. ' 
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Growth in diameter of the ovaries of Cifpripedmm^ mid Pa ph 
is characterized by two growth phases: during the first, meiosis aad devt^Iep- 
ment of the macrogametophyte oeeiir; during the second, seed maturation. 
Fertilization takes place in the period of little or no growth between these 
two phases. Growth in length has concluded by this time. At the time of polli- 
nation the ovules of Cypripedium and Paphiopediliim are present and con- 
sist of a nucellus containing a distinct arehesporial cell and the beginnings 
of the inner integument. The two growth phases in diameter in tlie Cijprh 
pedilinae are homologous to the latter two phases of growth in diameter in 
the iruits ot the Cattleyeae. 

Duncan and Curtis (194:2b) suggested that three types of fruit develop- 
ment could be distinguished by the number of phases of growth in diameter, 
the number present being correlated with the stage of development of the 
ovary at the time of pollination. If the flower opens when the placentae have 
not undergone proliferation, three phases of growth in diameter of tlie ovary 
are present; if the flower opens when the ovule rudiments are present, two; 
and if the flower opens when the ovules are ready for fertilization, one. The 
first type should be modified, according to observations in the Caftleyeae, to 
include flowers w^'hose ovaries contain at anthesis placentae -which have ])ro- 
liferated to a degree but have not undergone their entire proliferation. 

The differences in the development of the component parts of tlie fruit 
wnll, such as the initiation and growth of wings or reflexing of the edges of 
the placentiferous lobes, affect the shape of the curve representing the first 
growth phase in diameter. Since these structural changes vary from species 
to species of the Cattleyeae the curves representing growth in diameter of 
a species may possess a certain amount of individuality. The growtli of the 
sinus in Laelia ienebrosa brings about a trimodal appearance of the first 
growth phase in diameter as the initiation, wmxing, and waning of the growth 
leading to the wddening of the sinus contributes to or decreases the rate of 
growth in diameter. Such fluctuations are emphasized by the presence of 
smaller amounts of pollen on the stigma as is demonstrated in Caftlcya 
trianaei (fig. 11). If the six components undergo about the same develop- 

Explanation of figures 15-2 6 

Diagrams of cross-sections of orchid ovaries. Pig. W, Mpidendrum tampense. Cross- 
section of ovary of an unpollinated flower. Pig. 16. P. tampense. Cross-section of ovorv 
containing seed. PiG. 17. Laelia Gross-section of ovary of unpollinated dower. 

Pig. 18. Cattleya granvlosa. Cross-section of ovary of unpollinated flower. Pig. 19. C. 
trianaei. GiosB-seQtioii of ovary of unpollinated flower. Pig. 20. Epidendnim cocMeafuin 
vax*. tnandrMW. Cross-section of ovary of unpollinated flower. PiG. 21. JE. coehleaf tnn var. 
triandnim. Cross-section of ovary two weeks after pollination. PiG. 22. E. coidileatmn 
var. Cross-section of ovary three weeks after pollination. Pigs, lo— 22. x8. 

Eigb. 2S~26. Cattley a trianaei. Cross-sections of ovaries showing the folding back of the 
wings of the placentiferous lobes at three, four, nine, and thirteen weeks after pollination. 
One-half natural size. 
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inent or if the joroifertioii of sterile to placeixtiferoiis components remains 
about the same during* the course of development, the growth curve is little 
affected,. an example being Cattleija howringiana. This is true of Phalae- 
nopsis. 

Since an increase in the number of pollinia applied to the stigma merely 
increases the size of the fruit, it may appear to be brought about by the 
increase in dosage of the growth regulatory compound or compounds which 
they contain. Extracts of the pollen, even though they do not give rise to 
parthenocarpic fruits, produce the same initial effects as the pollen itself. 
The substance responsible for fruit set may be produced by germinating 
pollen grains. Injeetions with water extracts of pollen tubes from pollen 
germinated on agar or on fluid of stigmas from excised columns, however, 



Fig, 27. Mature fruits of Cattleya irianaei. The smallest fruit received one pollinium, 
the intermediate, four pollinia, and the largest, six pollinia. The data for figures 11 and 
12 were obtained from these fruits. 


Fig. 28. Bundle of pollen tubes dissected from a fruit of Cattleya irianaei just before 
fertilization. The beak of the ovary is left attached to indicate the relative size of the 
pollen tubes. 

gave negative results. This suggests that some relationship between stigmatic 
or stylar tissue and pollen tubes may be necessary— that one may activate 
the production of the growth regulatory compound in the other. These find- 
ings are in line with the conception that the entrance of pollen tubes into the 
ovary cavity is necessary for fruit set. 

Certain of the reagents used in the work with orchids, in jectecl into or 
sprayed on flowers of such plants as Carica papaya kndi Lycopersicon escth 
lentum^ caused ripening of parthenocarpic fruits. Although our experiments 
are by no means exhaustive, it would appear that the substances responsible 
for fruit set in the Orchidaceae are different from, or at least are not acti- 
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vated by, the same substances that Gustafson (1938) found to be effective in 
a wide range of dicotyledonous genera. 

Figure 5 illustrates the fact that a. fruit set with incompatihle pollen 
never passes through all the growth phases of the fruit but ripens preina- 
turebr. This close mating belongs to the category of incompatibility in which 
germination of the pollen and entrance of the pollen tubes into tlie ovary 
take place but fertilization fails, the apparent cause being the inability of 
the pollen tubes to grow^ out to any great extent over the extremities of the 
placentae. The ovules do not. become seed-like. Two earlier occurring types 
of incompatibility; the inability of the pollen to germinate on the stigma or 
of the pollen tubes to grown down through the sty lar tissue, fail to do more 
than hold the ovary on the inflorescence for longer than a few weeks, abscis- 
sion taking place at the base of the pedicel. The fruit of x Cattleya Molly, 
given in the list of percentage of seeds possessing embryos'' as zero per 
cent, contained ovules whose integuments were of mature size and texture. 
The curve representing growth in diameter of this fruit suggests a third 
growth phase. It is possible that the cause of this type of sterility lies after 
fertilization. The third phase of growth in diameter in corresponding fruits 
of Pliataenopsis was not detected, and this type of sterility was grouped with 
those in wdiich the pollen tubes fail to grow out over the placentae and the 
fruit ripens prematurely. These, too, may have been brought about by post- 
fertilization failures. Fruits affected by this type of sterility ripen somewliat 
prematurely. The difficulty in assigning the cause in such chance eases lies 
in the fact that by the time the fruit has ripened the tips of the pollen tubes 
have disintegrated. 

The list of percentage of seeds possessing embryos brings out several facts 
that should be of interest to the practical breeder of orchids. As far as gen- 
eral breeding work is concerned they offer nothing new. Mating members of 
a species with other members of the same species seldom results in excep- 
tionally high seed set. The section of the genus Cattleya to which G. loiv- 
fmgiana belongs, the Diphyllae, yields the highest counts. Keeiprocals by no 
means give equally good results. The cross between Laelia tenebrosa and 
Cattleya bowrmgiana is an example. The cause of the inequality between the 
reciprocals may lie in the great difference in the length of the beak of the 
ovary in Laelia tenebrosa and Cattleya bowrmgiana and corresponding dif- 
ferences in the length of their pollen tubes. 

X Cattleya Molly is m extremely heterozygous hybrid. It includes live 
species in its ancestry, no one of which is duplicated. When self- or close- 
pollinated the percentage of seeds containing embryos is low (0.0 per cent 
and 9.6 per cent respectively). Back crossing on the species, C. labiafa, does 
not increase the yield over ^ t^^ of wide crosses with a member of another 
geiiiis, La elia tenebrosa, OT with intergenerie hybrids such as x Laehocattleya 
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No. 19 altliougli it does increase the yield over crosses between different 
plants of X Gattleya Molly. It is interesting to note that the fertility of x C. 
MoUy is abont the same as that of C. irimiaei, a species. 

The complex intergeneric hybrids Laeliocattleya No, 19 and No. 21 show 
more sterility than x Caff ley a Molly when close pollinated or wlien individ- 
ual plants of the respective hybrids are mated among’ themselves. There is, 
however, a wide range of fertility wlien used as either a pollen or a female 
parent in a wide cross. Since there is a certain amount of back crossing on 
species in their ancestry the individual plants of each hybrid may behave 
quite differently. This may explain the wide range of values, x 
No. 21 shows more sterility than x Lc. No. 19, The intergeneric hybrids be- 
tween species of Brassavola and Cattleyay like those between Laelia and 
Gattleya^ have considerably reduced fertility. The percentage of seeds pos- 
sessing embryos ^vas not determined for hybrids whose ancestry includes 
three or four genera. 

It is perhaps not surprising that the orchids, which have evolved such a 
high degree of specialization to insure cross pollination, should give higher 
percentages of good seeds when matings are bet-ween clones. The cleistoga- 
moiis orchids, however, according to Kmchner (1922) are highly fertile. It is 
surprising, hoAvever, that crosses between members of different species or 
even genera should give better results than selfing. Tins emphasizes the fact 
that the barriers between species and genera in the Cattleyeae are slight. 
During the past sixty years of breeding only two groups, relatively incom- 
patible with other members of this tribe, have been found. They are the reed- 
like section of Epidendnmi and the Mexican section of Laelia. 

SUMMARY 

The type of fruit development first described in Phalaenopsis is found in 
the Gattleyeae. 

The basic trimodal growdh curve may be modified by the specific confor- 
mations of the fruit wall and the relative growth rate of the components. 

The amount of pollen affects the ultimate size but not the proportions of 
the fruit. 

Increasing the day length contributes toward a larger fruit. 

Neither light nor a variant amount of poHen, within reasonable limits, 
significantly affect the percentage of seeds possessing embryos. 

Three incompatibility types and probably a type of sterility caused by a 
post-fertilization failure are described. 

Compilation of the percentages of seed possessing embryos indicates that 
selfing lowers the yield and wide crosses (betw^een genera or species) often 
give as good a yield as crosses wuthin a species. Extreme hybridity points 
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out the lack of well defined barriers to breeding betweeii species and genera; 
this is correlated with their systematic classification. 

Department OF Botany, University OP Wisconsin , 

Madison, Wisconsin ' 
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A MYCORRHIZOME FROM THE CARBONIFEROUS 
OF ILLINOIS^ 

Henry N. Andrews and Tj. Wayne Lenz 

111 a recent description of a petrified Coenopterid fern stem, from the 
middle Pennsylvanian of Illinois the senior author mentioned the presence 
of ahnndant niycelium in the cortical cells and suggested that they might he 
of a mycorrhizal nature (Andrews 1942). A detailed study of this associated 
fungus leaves little doubt that that supposition was correct and the abun- 
dance of the fungus, its exceptionally hue preservation, and the diversity 
of the morphology presented renders a descriiition desirable. 

Fossil ni,vcelium is not uncommon. It has been reported in Carboniferous 
plant remains and is frequently encountered in Cretaceous and Tertiary 
lignites. Unfortunately the hyphae rarely display significant diagnostic 
characters. The only records of fossil mycelium that may with little question 
be considered mycorrhizal are those described by Weiss (1904) and Osborn 
(1909) from the Coal Measures of England. The fungus described by Weiss 
was found in an unidentified root (or rhizome?) and was given the name 
Mycorhizonmm. It may be well to point out that that name was used as a 
monomial and consequently is not valid as a generic designation. It seems 
highly probable, however, that Weiss’ interpretation of the mycelium as 
mycoimhizal is correct and his contribution is of significance since it shows 
that such an association existed in Carboniferous times. The organism de- 
scribed below fully confirms this and adds appreciably to our knowledge of 
the morphology of the Paleozoic forms. A glance at the figures may, more- 
over, eliminate any doubt that botanists may harbor about the quality of 
preservation to be found in American coal balls. 

The mycorrhiza reported by Osborn was found in the cortical cells of 
^ ^ observed ^Harge knob-like growths with thickened 

walls that are apparently terminal on the hyphae, and are about .05 mm. 
in diameter. These I take to be a form of resting body wdiich the finigns 
forms to carry it over the period during which the cortex will he 
sloughed . . C/ (p* 607). These structures are possibly comparable to sup- 
posed vesicles described here in our Illinois speeiniens. 

The fungus occurs in the cortical cells of a fern stem, possibly a rhizome, 
described as Sderoyteris ilUnoiensis (Andrews 1942). The inycelinin is 
found within the host cells throughout the cortex although it is somewhat 
more abundant in the middle and inner regions. Hyphae were also found in 


lA study aided by a grant from the Penrose Fund of the American Pliilosopliieal 
Society. 
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the traclieids of the stele although they do not assume the typical mycor- 
rhizal form in these cells. 

The proper application of the term mycorrhiza may be considered at 
this point in view of the anatomical nature of the host organ. As stafed 
above the latter is a stem consequently the word mycorrhiza is hardly appro- 
priate. In view of the fact that the fungus is infecting or living symbiotically 
with a stem or rhizome the term mycorrhizome seems more suitable and will 
be used ill our description. 

A glance at the figures reveals the diversity of the hyphal morphology. 
Whether or not all of this mycelium belongs to the same species of fungus 
cannot be stated positively. However, all of the figures are taken from the 
same host specimen and all within a few millimeters of each other. Although 
most of the mycelium seems to be intracellular, appearing typically endo- 
trophic, there is some evidence that it may be intercellular as well In 
figure 6 it appears as though some hyphae may be intercellular with branches 
or branching haustoria penetrating into the cell lumen. The dividing line 
between ectotrophie mycorrhizae or mycorrhizomata is probably not so sharp 
as was once supposed. Indeed Young (1940) states that/ ^ The difference 
between the two types of mycorrhizae is now known to be one of degree 
rather than of quality. They merge into one another and many intermediate 
forms are known. ’ ’ 

A considerable number of host cells contain a very dense aggregation of 
mycelium (figs. 1, 9). It was the eharacteristie appearance of these cells that 
first attracted our attention and suggested their mycorrhizomatal nature. 
The hyphae average about 1 jj or less in diameter and are more or less 
uniformly distributed about the periphery of the cell lumen. There is some 
similarity between this organization and the Hartig net of the mycorrhizae 
of living plants. However, the slender much branched hyphae shown in these 
figures are clearly intracellular thus the comparison is only a superficial 
one. In many of the host cells infected in this way the iiiycellmm tends to 
assume a nearly spherical form (fig. 5). Not only does it aggregate into 
compact spherical masses but as this continues the hyphae seem to become 
irregularly fused together, losing their identity as individual strands. This 
apparent fusion continues until in some cells the entire mycelial body ap- 
pears as a nearly uniform amber-colored sphere. 

It is perhaps most probable that this has resulted from plasm olysis of 
the entire contents of the host cell, but there is the possibility that this 
transition is the result of the digestion of the fungus by the host cells, which 
thus retain a symbiotic balance between host and fungus as reported in the 
Orchidaeeae (Eayner 1927, p. 67). 

Many of the cortical cells of the host harbor but a few strands of branch- 
ing mycelium. These usually consist of rather large uniform hyphae bearing 
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noticeably smaller branches (fig. 3). Filaments sucli as those shown in 
figure 8 average 6 p in diameter while those in figure 4 are about 2 |,i wide. 
The comparatively large size of some of the hyphae is clearly shown in figiii-es 
2 and 3, both of which are magnified 500 times, while those in fig’ire 8 are 
magnified but 350 times. We have occasionally observed cross walls in these 
larger hyphae but they are rare and in most eases there is no evidence of 
septation. 

Some of the other distinctive fungal features may now be considered. 
The type of mycelial development illustrated in figure 6 occurs in many 
cortical cells. It has been suggested that these knotty outpocketings of tlie 
hyphae may represent an initial stage in the development of the peripheral 
net of figures 1 and 9. This is probably not the case since the mycelium of 
infected cells such as those shown in figures 1 and 6 and always cpiite distinct. 
We have not observed any phase that might be considered intermediate 
between the two. Furthermore the hyphae of figure 6 are notably of greater 
diameter than the hyphae of figures 1, 5, and 9. It may be that figure 6 
represents a specialized haustorial type of hyphae. 

In a few of the cortical cells (fig. 4) there may be noted a number of 
larger bodies varying from 15 to 33 (j in diameter. Although we have not been 
able to observe the actual point of attachment it is probable that these bodies 
have had their origin from the swollen tip of a hyphal branch and we 
tentatively consider them to be comparable to the vesicles described in 
recent niycorrhizae. In a few of the cortical cells the larger hyphae exhibit 
a peculiar warty appearance (figs. 2, 7). It is difficult to be certain whether 
this appearance is due to minute protrusions of the hyphae or simply an 
aggregation of granules. Janse (1897, p. 65) has described a somewhat similar 
appearing accumulation of starch granules about the nuclei in Ophwderma, 
However in our material the ‘^granules’’ appear to exist in organic connec- 
tion wdth the large hyphae and we are inclined to favor the former inter- 
pretation. 

In view^ of the wide diversity of the hyphal morphology (ef. figs. 2, 4, 6, 
9) it seems likely that more than one species of fungus is represented. 
Furthermore our assumption that the association represented is actually 
mycorrhizomatal and not simply pathological is based on a general com- 
parison with living forms. The dense tangles of mycelium shown in figures 
1 and 9 compare closely with many described living niycorrhizae and if the 
more or less ovoid bodies shown in figure 4 are true vesicles this adds con- 
siderable w^eight to their supposed mycorrhizomatal nature. It has been 
suggested that the fungus shown in figure 6 is similar to that found in some 
pines. 

Although the previously mentioned wmrks of ^^eiss and Osborn as veil 
as the present eontribution must be considered only as introductory, the 
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evidence accuimilated to date rather strongly evinces the existence of this 
type of association as early as Pennsylvanian times. In view of the already 
proven important part that mycorrhizae or myeorrhizomata play in»so many 
living plants it is to be hoped that the fossil record may continue to reveal 
significant fragments of their ancestral development. 

We are especially indebted to Dr. Arthur P. Kelley and Prof. P. R. (last 
for assistance in interpreting the fungi described here, although tho.se 
authorities are in no wise responsible for the views that we have expressed. 
Botany Department, Washington University 
St. Louis, Missouri 
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. SOME FOSSIL FUNGI FROM MINNESOTAV 

0- ' ■ 

C. 0. Rosendahl 

Several years ago in the eonrse of studying a collection of fruits, seeds, 
and other plant remains of Pleistocene age obtained from a deep well situ- 
ated near the village of Bronson in southeastern Kittson County, Minnesota, 
I discovered a number of small clusters of brown sporangia-like bodies on 
branching thick- walled hyphae (fig. 1). The vegetable mixture in which 
they occurred had been recovered from clods of silt brought up in the slush- 
bucket in the process of drilling the well and had been freed of silt by wash- 
ing through a fine-meshed wire screen. Whether these clusters had been 
intimately associated with plant fragments or occurred scattered through 
the silt matrix was not ascertained. In no case, however, were they found 
in organic connection with fragments of roots, leaves, bark, or other vegeta- 
able material. Superficially the organism resembled a mold, but the thick- 
walled, irregular hyphae and the aberrant ‘‘ sporangia clearly indicated 
that it did not belong in the Mucorineae. After several unsuccessful attempts 
to get the organism identified or to obtain a clue to its possible relationship 
it was reluctantly put aside as probably indeterminable. Most likely it would 
have remained permanently shelved except for the kindly interest of Dr. G. 
Bisb}^, of the Imperial Mycological Institute of Kew, who had seen a prepara- 
tion of the material. He called my attention to a paper by Dr. E. J. Butler 
(1939) entitled On the occurrence and systematic position of the vesicular- 
arbuscular type of mycorrhizal fungi,” which had been published a few 
‘ weeks earlier in the Transactions of the British Mycological Society. 

In addition to his treatment of recent forms of the f ungus {RhizopJiagus) 
Dr, Butler also described and figured a representative of the group obtained 
from glacial clays underlying muskegs in the neighborhood of Edmonton, 
Alberta. A comparison of the Bronson well organism with Dr. Butler 
illustrations, further supported by the descriptive details, soon convinced 
me that it belonged to the same group as the one from the Alberta bogs.^ 

The Bronson well fungus was found at a depth of 88-89 feet. The vege- 
table layer in which it oeeurred appears to have been a forest floor, perhaps 
of a spruce-tamarack bog, judging from the abundant remains of these trees, 
together with northern bog mosses. That the site had passed through the 
suceessional stages from open water to bog is evidenced by the occurrence 

1 This investigation has been aided in part by a grant from the Graduate School of 
the University of Minnesota. 

2 III subsequent correspondence with Dr. Butler he has eonfirnied this view after seeing 
a photograph, of the Minnesota material. 

.dAi2(r 
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of numerous fruits of several species of Poiamogeion, Najns flrxilis. Zinii- 
chellia palustris, Sparganmm eurycarpnm and of several spe<-ieK o'f mat- 
forming sedges. Over the vegetable layer rested the boulder clay of the 
ground moraine of the last AViseonsin ice sheet, topped by 17 feet of elaelal 
Lake Agassiz silt. The plant deposit therefore dates back' to at least the last 
iiitergiaeial interval. 

A year or so after the discovery of the fungus at the Bronson well site it 
was again found in assoeiation with a plant-bearing* stratum situated db feet 
deep in Lake Agassiz silt at Moorhead, Minnesota. The vegetable^ laver, re- 
ported to be nearly two feet thick, was encountered in the (course of exi'avat- 
ing for a sewage disposal plant located on the banks of the Red River, Idie 
present banks of the river are considerably below the fiat surfaiw of tlie 
original Lake Agassiz bottom, yet according to Professor 0. A. Ballard, of 
the Moorhead State Teachers’ College, the silt deposit overlying the A'ege- 
table stratum showed between 1800-2000 distinct varves. Leverett and Sanle- 
son (1932) estimate that the Eiver Warren, the outlet of Lake Agassiz, sub- 
sided some 8000 to 9000 years ago. On the basis of this estimate it is faii*ly 
safe to assume that the vegetable layer at Moorhead, buried 36 feet (ha'p in 
the lake silt, was laid down at least 11,000 years ago. 

As with the Bronson well material, it was not establislied whether the 
fungus occurred only intimately associated with vegetable debi-is or if it 
was also distributed throughout the contiguous silt. The latter ])ossibility 
is suggested by the fact that it was also recovered from lumps of tlu^ sur- 
rounding silt which were praetically devoid of larger plant fragments. In 
any event, it was present in greater abundance than at the former site, but 
it occurred in identically the same form, i.e., in small isolated (dusters of 
vesicles and hyphae (fig. 2). 

During the past year the same organism (fig. 3) was recovered from a 
layer of plant remains encountered at a depth of 110 feet in a well near the 
village of Jackson in southwesterii .Minnesota. Fruits and seeds of more than 
a dozen, speckles of angiosperms have been identified from this de])osit, sev- 
eral of Avhich are identical with those from the Bronson and Moorhead sites. 
The well is located on the Altamont moraine of the late Wisconsin drift and 
glacial deposit is of considerable depth at this ihace. The plant-bearing 
stratum can therefore hardly be of later origin than the hrst interghu'ial 
interval. 

The fungus illustrated in Dr. Butler’s text-figure 2, A-D, came from tln^ 
basal one inch of amorphous peat resting upon the blue clay. .Professor 
Lewis, who submitted the specimens from the Alberta bogs to Dr. Butler, 
stated that fungus material of the same character occurs in the iiure (day, 
sometimes associated with fragments of leaves ant branches of SplnuinunL 
In material of more recent peat from the same region Dr. Butler found a 
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closely similar fungus, but wbicli differed from the former in having smaller 
vesicles that showed no tendency to form second vesicles by proliferation 
into the cavity of the first. The mycelium and vesicles of this form are stated 
to resemble in all respects the common endophyte of modern plants anu in 
one instance the organism was found in mycorrhizal association with a root 
obtained at a depth of 3 dm. from the surface. It occurred throughout the 
peat clown to a depth of 1.23 ni. 

The conclusions Dr. Butler reached regarding the relation of the organ- 
isms occurring in the two strata is best stated in his own wurds, which are 
as follows: '‘That the fungi in the glacial clay and in the overlying more 
recent peat are closely allied, there can be no question; except for the single 
fact that the older vesicles show proliferation they might be regarded as the 
same species. ’ ’ 

The specimens obtained from the three Pleistocene sites in Minnesota are 
morphologically indistinguishable (figs. 1, 2, 3). The hyphae are somewhat 
tortuous, thick- walled and pale yellow in color. They vary in size but are 
mostly 9~11 p in diameter. They are nonseptate, except for the rare occur- 
rence of a cross wall in the stalk of the vesicle. The branching is subdicho- 
tomous, at an obtuse angle (figs. 2, 3), and there are occasional short diver- 
ticula and frequent unilateral projections at irregular intervals. The vesicles 
vary in shape from ovate to short pear-shaped and subspherical. They range 
in size from 75 to 103 p in diameter and from 79 to 124 p in length. The 
average of a fairly large number of measurements is 89x97 p. Under 
medium magnification of a binocular dissecting microscope they appear 
dull brown in surface view, but in the sharp focus of a compound micro- 
scope the thick wall has a distinctly lemon-yellow color. Many of the vesicles 
were observed in open communication with the hyphae, but a few, appar- 
ently fully mature, were found occluded by a basal plug as shown in Dr. 
Butler’s text-figure 2- A, and in some by a septum a vshort distance down in 
the stalk. The formation of a second vesicle within the first by proliferation 
of the stalk, in the manner described by Dr. Butler, was not seen in any of 
the material, although two vesicles showed a closely similar behavior. In 

Explanation of figures 1-7 

Pigs l—S. EJiisophagites butleri. Pig. 1. Cluster of vesicles and hyphae from the 
Bronson well deposit, depth of 88-89 feet, x 50. Pig. 2. Smaller cluster from a layer of 
plant reinains in Lake Agassiz silt at Moorhead, Minesota, depth of 36 feet. A ])orti(fii of 
a decaying root is shown at the right, x 91. PiG. 3. Specimen from a well near dackscm, 
Minnesota, depth of 110 feet. The wall of the single vesicle is somewhat collapsed, x 91. 

Pigs. 4-7. EM^ophagites MinnesotensiB, showing several clusters of hyphae ami 
vesicles, all obtained from an early Pleistocene deposit at Springfield, Minnesota. 1 lo. 4. 
Pungus ill association with a root, x 91. PiG. 5. shows two vesicles intact but mucli 
blackened. X 91. Pig. 6. shows a cluster of tangled hyphae and many vesicles, some of 
which are partly collapsed. x50. Pig. 7. shows two vesicles from upper left-hand corner 
of figure 6, inore highly magnified, also shows more clearly the variation in thickness of 
the hyphae and their manner of branching. X 91, 
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most of the older vesicles the contents become surrounded by a second wall 
which merges with the original wall at the neck of the stalk as shown in 
figures 13 and 14, or it may even extend fnnnehlike a short distance down 
into the stalk. In the latter case a thin septum may or may not be present in 
the stalk. This second wall ultimately becomes nearly as thick as the outer 
one, and the thickening obviously begins at the distal end of the vesicle and 
progresses towards the base (fig. 2). In a few vesicles the contents appeared 
as a spherical mass surrounded by an evenly thick second wall without any 
visible connection or contact with the outer wall (fig. 3). These differences 
in the internal appearance of the vesicles probably denote only different 
stages of their development, yet the presence of basal plugs, and of septa in 
some vesicles and not in others, shows that structural variations occur. The 
proliferation of the stalk observed by Dr. Butler is probably a more pro- 
nounced manifestation of the phenomenon. 

Even though it has not been possible to duplicate in any of the Minnesota 
material this proliferating process, the organism otherwise agrees so com- 
pletely with that from the Alberta bogs that it is fairly certain the same 
species of fungus is involved. The fact that it occurred widely in similar 
habitats, i.e,, in glacial claj^s associated wdth remains of other plants, and 
has not hitherto been observed in material of more recent origin, indicates 
that it represents a species that flourished under the conditions of the 
Pleistocene and which probably became extinct at the end of that period. 

AVhile there is as yet no record of the certain occurrence of the species 
earlier than the last interglacial interval, evidence has recently come to light 
of the existenee of the group at the beginning of the Pleistocene. This rests 
on the discovery two years ago of a very closely similar organism (figs. 4-7) 
in a piece of silt-imbedded peat that came from the line of contact between 
Cretaceous shale and Nebraskan till near the bottom of a preglacial gully 
on the property of the Ochs Brick Company at Springfield, in Brown 
County, Minnesota. 

The hyphae of the fungus from this site are somewhat more irregular in 
form than the one discussed above (fig. 17), but they show the same char- 
acteristic branching, irregular projections, and color as the other. The 
vesicles are darker in color, less numerous, and considerably smaller (figs. 
4-6) , ranging from 42 x 46 p to 58 x 61 jj. They show the same type of second 
wall formation within as clescribed above (figs. 15, 16). Both hyphae and 
vesicles look somewhat battered as compared with those from the younger 
sites, but it is surprising that any structure so fragile could have endured 
so long in the compacted peat without complete collapse or clisintegration. 
The peat in which, the organism was found was made xip largely of mosses of 
which the most abiniclant were Campylhim stel- 

latimi, Swart zia moni ana p Scar pidium SGorpioides^ mid Dr epfanoclacUis sp. 
It also contained pieces of wood and other plant fragments. 
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In a letter to the writer Dr. Butler states that he was exhorted by Pro- 
fessor W. H. Lang' not to give the same generic name to a recent 'and a 
fossil fungus. However, not being completely satisfied that the fimgus fig- 
ured in his text-figure 2 was a fossil, since it came from the amorphous ]ih\t 
overlying the glacial clay, he chose to assign it to a living gemis under the 
designation of BJiizopkagus sp. Because of the identity of the Alberta speei- 
mens with the Pleistocene material from the Minnesota sites, and further- 
more the occurrence at Springfield of another species of the same genus from 
the early Pleistocene, there is no longer any doubt about the fossil nature of 
the group. Accordingly, I am describing it as a fossil genus under the name 
BhizophagiteSy suggested by Dr. Butler. 

Rhizophagites Rosendahl, gen. nov. Mycelium consisting of subdi- 
chotomously branched, more or less tortuous, nonseptate, thick-walled Iiy- 
phae, with unilateral projections, pale yellow to light brown in color and 
varying in thickness from 6.5 to 20.7 p, producing terminally ovate or short 
pyriform or subspherical, yellowish brown to dark brown vesicles, varying 
in size from 42x46p to 103 x 124 p, with walls considerably thicker than 
the walls of the mature hyphae, vesicles at first in open communication with 
the hyphae, later becoming variously occluded by basal plugs or septa at 
the neck of the stalk or in the stalk or by a seconcl wall forming around tlie 
contents, sometimes a second vesicle is formed within by proliferation from 
the stalk; contents made up of numerous granules, oil globules and a number 
of angular crystal-like bodies, vacuoles occasionally present. 

As here defined the genus consists of two species which may be distin- 
guished as follows : 

1. Vesicles light brown 75 x 79 p to 103 x 124 p, hyphae moderately tor- 
tuous, mostly 9~11 p in diameter. K. bufhri 

2. Vesicles dark brown 42x46 p to 58 x 61 p, hyphae very tortuous and 

irregular, 6.2-20.7 p in diameter. 7?. mittnesofensiti. 

Rhizophagites butleri Rosendahl, sp. nov. feyphae moderately tortu- 
ous, with, numerous unilateral projections and occasional diverticula, pale 
yellow in color, 9-11 p in diameter and unform in thickness except wdiere tbe 
branching occurs, stalks of the vesicles about the same diameter as the rest 
of the hyphae, vesicles chestnut-brown in color, oval to subspherical, varying 
in size from 75 x 79 p to 103 x 124 p, average size 89 x 98 p, walls at the base 
of mature vesicles and walls of the neck of the stalks much thickened. 

Rhizophagites minnesotensis Rosendahl, sp. nov. Hyphae very tortuous 
and with few iinilateral projections, yellowish brown in color, uneven in 
thickness, varying from 6.2 to 20.7 p in diameter, stalks of the vesicles thin 
and mostly elongated, vesicles dark brown in color, short pyriform t<) nearly 
spherical, varying in size from 42 x 46 p to 58 x 61 p, average size 48 x ;)3 p, 
walls of mature vesicles not perceptibly thicker at the base. 

The collections of the first species from the Alberta bogs and Moorhead, 
Minnesota, are of late Pleistocene origin, having apparently been dejxisited 
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in the silt of glacial lakes fronting the last ice sheet during its recession. The 
niateiial from the deep wells at Bronson and «JaclvSon dates back to the last 
interglacial interval. The collection of the second species is referable to early 
Pleistocene, being obtained from dense peat on the contact line bet\^heo 
Cretaceous shale and Nebraskan till at Springfield, Minnesota. 

In the same peat material from which the second species of JRhizophagites 
was obtained, well preserved fruiting bodies of another fungus were discov- 
ered. The first specimen found occurred free and consisted of a tangle of 
dark brown hyphae and fifteen circular perithecia (fig. 8). A second but 
smaller specimen was found attached to the tip of a moss plant {Eypnnm ?), 
but on account of the poor conditions of the temporary preparation it 
could not be determined whether any of the hyphae were in organic (con- 
nection with the leaves and branches of the moss or were merely entangled 
in them. The dark brown circular fruiting bodies with a radiate cell struc- 
ture and a central pore (figs. 9, 18) suggested that the organism belonged 
to the Microthyriaceae, and my inclination was to regard it as probably a 
fossil species of the genus Microthyrkm, or in the event that the clusters of 
tangled hyphae belonged to the organism and represents free mycelia, then 
it might more properly be assigned to Calothyriitm. On closer examinatioii 
of the perithecia, however, it was discovered that they were not dimidiate 
but complete,'^ being provided with a well differentiated lower (fig. 19) as 
well as upper wall or membrane, the latter bearing a conspicuous central 
papilla with an apical pore (fig. 18). On account of the pressure to whicli 
they had been subjected under the load of glacial till they were very much 
flattened and in sectional view appear like a saucer with the central papilla 
rising slightly higher than the rim (figs. 12, 20). Except for the absence of 
asci and the dissolution of some of the delicate periclinal walls in both the 
upper and lower membranes the cell structure was found to be remark- 
ably well preserved. Fungi with perithecia of this type have been segregated 
into the family Triehothyriaceae by Theissen (1914), and despite the fact 

3 1 am indebted to Miss Louise Dosdall of the Division of Plant Pathology, University 
of Minnesota, for helpful suggestions in placing the fungus. 

Explanation of figures 8-12 

¥igs. 8-12. Trichothyrites pleistocaenica. PiG. 8. Cluster of perithecia with a tangle 
of hyphae most of which belong to r Merpotrichia-likG form. (See text.) x 97. h lu. 9. 
Single perithecium more highly magnified, x 225. PiG. 10. Single peritheeiuni on a nio.ss 
leaf. Hyphae are shown faintly outlined on the surface of the leaf, x 205. iiG. .11. Same 
perithecium more highly magnified. x415. Fig. 12, Cross section of s})ruce leaf showing 
two perithecia in vertical section. The one on the left is broken open along the right-hand 
margin. Epidermal cells of spruce leaf shown at E and fungal In^Oiac cross section at IT. 
x230.': 

All the material for photo-micrograph figures 1-11 was prepared by mounting un- 
stained ill lactic acid and sealing the cover slips with Clarite. Figure 12 is from an uiist.muH 
paraffin section. Wratteii M plates and a Wratten medium yellow filter, together with a 

disc of daylight glass, were used in photographing. 
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that the living representatives of the family, so far as reported, oecur almost 
wholly as parasites upon fungi of tropical flowering plants, the diagnostic 
eharaeteu^ set forth by Theisseii would place the organism in this group. 
Th^t it existed under cool or even cold conditions is clear from the fact that 
the peaty material from which it was recovered contained an abundance of 
spruce and tamarack needles, fragments of spruce wood and bark, and 
several species of mosses belonging mainly to the genera Hypnum, Callier- 
gon, Scorpidium, Camptoihecmm, Swarizia^ Ditrichum^ and Hylocomnm, 
Swartzia montana^ which is characteristic of cold and subalpine places was 
encountered frequently and fruits of Potamogeion and achenes of two or 
three northern species of Carex were also fairly common in the plant debris. 

Attempts were next made to connect the fungus with a possible host and 
to that end all the material was carefully I’e-examined. The first clue obtained 
was the discovery of patches of dark brown fungal liyphae on many of the 
spruce leaves. A few of these patches were removed and mounted, and it was 
found that they consisted of a thin weft of interlacing hyphae with denser 
knots at regularly spaced intervals. Also, in a few of the preparations the 
above mentioned circular fruiting bodies were found more or less enmeshed 
in the tangle of hyphae. Some of the spruce needles w^ere thereupon im- 
bedded in paraffin and cross sectioned, and it was revealed that the denser 
knots of the investing weft were situated directly above the stomata of the 
leaves, which explains their orderly arrangement in parallel row^s observed in 
the free-hand preparations. These knots are composed of densely inteiwvoven, 
crinkly hyphae and some of them attain considerable size and are nearly 
hemispherical in shape. The habit and structure suggest a species of 
Herpotrichia^ but in the absence of really diagnostic characters the identity 
of the organism necessarily remains in doubt. 

Sections that encountered the circular fruiting bodies show’ed these 
sometimes superimposed on the thin layer of investing hyphae (fig. 12) and 
occasionally over the knots, but in no case could any actual connection be 
made out between the perithecia and the underlying or contiguous hyphae. 
It is fairly certain that two different fungi are involved in the picture, but 
what relation, if any, they bear to each other is entirely problematic. In line 
with the reported fungicole habit of the group it is conceivable that the 
trichothyriaceous organism is parasitic upon the other fungus. However, 
doubt is thrown upon this assumption from the subsequent cliscovery of the 
actual attachinent of hyphae and circular perithecia of the same organism 
to the steins and leaves of mosses (fig. 10) occurring in the deposit. Both 
in surface view^ and in cross sections the hyphae were found to be closely 
appressed to the leaves and stems of the mosses and there can scarcely be any 
doubt about the f ungus vegetating upon the moss plants, but whether as a 
parasite or as a saprophyte it is obviously impossible to say. The mycelium 
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is sparse (fig. 10), the hyphae are all uniform, and there is no indieation of 
another fungus being present on the moss as in the ease of the spruce needles. 
Connections between the mycelium and the perithecia could not be demon- 
strated, although in figure 11 a hypha is shown still in contact with a 

peritlieeiiiin. 



Figs. 13, 14. Vesicles of Rhwo’pliagites butleri from the Moorhead and Broiisou well 
sites respectively. Figure 13 shows a thick second wall formed around the contents and ex- 
tending into the neck of the stalk. Figs. 15, 16. Vesicles of Bhizophagites mimwM/terLs-ix. 
Fig. 17. Hyplia of same, showing variation in size and sub-dichotomous branching. Figs. 
18, 20. Trichothyntes pleistocaenica. Fig. 18. View of upper wall or membrane of peri- 
thecium showing radiate structure and central papilla with a definite ostiole. .Fig. 19. 
Lower membrane, incomplete but with the central portion intact, showing a very n^gular 
radiate arrangement of the cells around a larger circular central cell. Fig. 20. Perithecium 
sectioned vertically but the section is to one side of the middle of the papilia. Note tlu^ 
small, thick-walled cells of the papilla and the finger-like process of one of the border 
cells of the ostiole. 

All figures were drawn with the aid of camera lucida to a magnification of .x 660, 
reduced to half size in reproduction. 

Tlie peritliecia from the moss and the spruce needles appear eompleteiv 
identical. They are the same in color, size, and every detail of structure, even 
to the trichomedike cells (fig. 20) that fringe the opening of the papilla, and 
l am convinced that they belong to the same species of fungus. 1 he fact that 
the organism occurs on such widely divergent hosts as spruce leaves (or 
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another fiingTis on the spruce leaves) and at least two different species of 
mosses would indicate that it is a saprophyte, capable of living upon a 
variety of substrata in the litter of the Pleistocene bog. So far as it has been 
poa?sible to ascertain, no existing fungus of this group has hitherto been 
reported from cool northern bogs, and the chances are that it represents an 
extinct species. There are several published reports of the oeeurrenee of 
this general type of fungus during the Tertiary, ranging all the way from 
the Eocene to the Pliocene, and it is perhaps not without significance that 
at least three of the fossil finds were on needles of conifers. The first of the 
reports is by Pampaloni (1902), who described Microfhy rites dysodilis from 
the Miocene of Sicily. Bngelhardt and Kinkelin (1908), in their study of the 
upper Pliocene flora of the lower valley of the Main, reported the occurrence 
on leaves of a fungus with shield-shaped perithecia and a free mycelium 
which, on the interpretation of Dr. Mobius, the^^ referred to Asterma (?) 
ilicis Ell. They pointed out, however, that because of the absence of spores 
the identification could not be considered as entirely certain. Their text- 
figure shows a perithecium with a slightly irregular margin and a small un- 
differentiated opening which suggests the absence of a true ostiole. They also 
found on Buxus leaves, in the same deposit, fruiting bodies of an Asterina- 
like fungus but without a free mycelium. Nathorst (1915) likewise referred 
doubtfully to Asterina a fungus obtained from cuticle preparations of 
leaves and twigs of Sequoia langsdorfii from the Tertiary of Elsmereland. 

In his ^^Nachtrage zur Tertiarflora Schlesiens’V Krausel (1920) re- 
counted the finding of round, shield-shaped bodies, about 70 p in diameter, 
in association with the leaves of Sequoia langsdorfii. On account of their 
being joined together by hyphal threads he concluded that these bodies 
belonged to a fungus, and he stated that they resembled in high degree the 
perithecia (Gehdusen) of the Microthyriaceae. He regarded them as being 
very closely similar to the form reported on Ilex leaves by Engelhardt and 
Kinkelin. It should be noted, however, that a perithecium illustrated by 
Krausel has a definite ostiole, an entire margin, and is composed of fewer 
but relatively larger cells than the one shown in the illustration of Engel- 
hardt and Kinkelin. According to Edwmrds (1922), KrausePs material was 
of Miocepe age. 

Two years after the publication of KrausePs paper, Edwards (1922) 
reported the discovery of a niierothyriaceous fungus from the Eocene of 
Scotland. This too was obtained from conifer needles. The material ostensibly 
was in better shape than in the collections cited above, for it was described in 
much greater detail and wms definitely disposed of as Phragmothyrites 
eocaenica. Edwards’ photomicrographic illustration of a mature perithecmm 
is strikingly like the figure of the fungus that Engelhardt and Kinkelin 
referred doubtfully to ih’cis Ell., and the close similarity in the 



1943] 


ROSENDAHL: FOSSIL FUNGI 


137 


striieture of peritliecia suggest that the two probably faelongeil io the saiae 
genus. The assigmnent to Asierina ilicis Ellis was unfortunate, however, siiire 
Theissen (1913) has subsequently shown that the latter belong^ to the 
Discomycetes. • 

In all of these reports identification was apparently based only upon the 
surface view of the fruiting bodies, but since it is next to impossible to 
determine from the surface aspect alone whether the peritheda (ascomata) 
are dimidiate or complete, it is not certain that they all belong to the 
Mierothyriaceae. KrausePs illustration of one of the circular bodies found 
in his fossil material bears a very close resemblance to the peritiieda of the 
Pleistocene fungus under discussion, and it is not improbable that tlie 
organisms involved are congeneric. Whether or not this is the (*ase the Ifiii- 
nesota material can not be referred to any of the previously named fossils, 
and I am venturing to describe it as a fossil genus belonging to tlie 
Trichothyriaceae. The existing genera of the family are segregated upon 
spore characters, and since spores are entirely lacking in all the material 
seen it can hardly be treated otherwise than a form genus for which the name 
Trichothy rites seems the most appropriate. 

Trichothyrites pleistocaenica Rosendahl, gen. et spec. nov. MyceliuiiP 
consisting of yellowish or brownish, branching, septate hyphae with 0 ('- 
easional anastamoses, 5-6.7 p in diameter, individual cells (20) 28-33 
(41) p long, perithecia dark brown to nearly black, circular or nearly m, 
disk-shaped, or because of slightly upturned margin shallow sau(?er-shaped, 
70-95 p in diameter, complete, with upper and lower membranes comi)osed {)f 
radially arranged cells, upper membrane with a central papilla having a 
distinct pore or ostiole, mai’ginal cells of membrane 4-5 p wide, 6-8 p long, 
cells of papilla more nearly quadrangular and thick walled, several of the 
marginal cells of pore prolonged into finger-like processes, cells of lower 
membrane all thin walled and radiating from a circular central (*el], asci and 
spores lacking. 

Pound on leaves of Black Spruce in association with an unknown fungus 
and on two species of hypnaceous mosses, in an early Pleistocene deposit 
at Springfield, Minnesota. 

Department of Botany, University of Minnesota 
'Minneapolis, Minnesota 
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ASAHINA'S MICROCHEMICAL STUDIES ON THE 

CLADONIAE^ " . 

Alexander W. Evans 

Asaliina's microehemical studies on Cladonm (and other critical licluai- 
genera) have made it possible for the taxonomist to demonstrate the pres- 
ence of numerous lichen-acids and allied substances without recourse to the 
complicated methods employed by the organic chemist. The results of these 
studies are given in several special articles and in two series of contributions : 
(1) Lichenologische Notizen (2, 8, 13),^ the first number of which appeared 
in 1933; and (2) Mikrochemischer Nachweis der Flechtenstoffe (1, 3, 4, 5, 
6, 7, 9, 10, 12, 15), the first number of which appeared in 1936. Of the first 
series fifteen numbers have been published; of the second, eleven. Of the 
special articles the following have a direct bearing on North American 
Cladoniae: TJeber den Chemismus der Flechten der Cocciferae (11) ; Jupan- 
ische Arten der Cocciferae (13) ; Cladonia verticillata Iloffm, nnd (Hadanhi 
Calycanfha (Del.) Nyl aus Japan (17) ; and Cladonia chlorophaea nnd 
verwandie Arten (18). 

Asahina’s work up to 1938 has been reviewed by Sandstede in his sup- 
plement to Vainio’s monograph on the Cladoniae (19), but there are few 
other references to it in the recent literature on lichens. It seems advisable, 
therefore, to bring to the attention of North American students the more 
important features of his methods and to summarize the results which he 
has already obtained. In doing this iio attempt will be made to discuss the 
chemical structure of the various substances involved. Those interested in 
this aspect of the subject may consult Zopf comprehensive study on liclien- 
substances (20) or Asahina’s recent elassification of these substances from 
a chemical standpoint (14). 

In order to demonstrate the presence of a definite lichen-substance in a 
specimen Asahina^s methods A and B (1, pp. 519, 520) are applicable in 
most instances. These methods involve two steps or processes. In the first 
step a portion of the lichen to be tested is placed on a slide and t*xtracted 
by means of a volatile solvent, such as acetone or chloroform, applied drop 
by drop ; and care must be taken to avoid an excess of the solvent, otiierwise 
the solution will spread over too large an area. In the case of the ( Iitd(j)ua( 
either the primary squamules or the podetia may be investigated. If the 

1 Contribution from tli6 Osborn Botanical Labortory. 

2 The numbers refer to the bibliography at the end of this paper. The only litles listtni 
are those whicli refer, directly or indirectly, to species of Cladonia known io occur in 
North America. 
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podetia are small it may be necessary to use two or more, but if they are 
large a single podetiiim or even a portion of a podetiiim will be sufficient. 
Upon the evaporation of the solvent and the removal of the lichen-sample, 
a dry extract is left on the slide, usually in the form of a whitish or yellowish 
coating or crust, in which as a rule little of a definite nature can be distin- 
guished under the microscope. 

The material is now ready for the second step. This involves the use of a 
second solvent, from which the substance or some compound of the substance 
will crystallize out in a recognizable form. A drop or two of the solvent should 
be placed on the dr.y extract and a cover-glass applied. Then, in order to 
facilitate the solution it is usually necessary to apply a gentle heat, and 
Asahina recommends for this purpose a microflame, either of a gas burner or 
of an alcohol lamp. If care is taken, ho^vever, a lighted match may be suffi- 
cient. As the preparation cools the crystals gradually make their appearance. 
This may take place after a few minutes but may require an hour or more in 
the case of certain subtances. The solvents used in carrying out the second 
step include the following, designated by the abbreviations which Asahina 
employs (1, p. 519 ; 3, p. 860 ; 4, p. 529) : — 

G.A.W., one part each of glycerine, alcohol, and water ; 

G.E., one part glycerine and three parts glacial acetic acid (Eisessig) ; 

G.W.Py., one part glycerine, three parts water, and one part pyridine ; 

G.A.Q., two parts glycerine, two parts alcohol, and one part quinoline; 

G.A.An., two parts glycerine, tw^o parts alcohol, and one part aniline; and 

G.A.o-T., two parts glycerine, two parts alcohol, and one part ortho -toluidine. 

These various solutions, together with the acetone and the chloroform, 
.should be kept in small bottles, the necks of which are closed wdth rubber 
medicine-droppers. By this means the reagents may be applied drop by 
drop, and the danger of adding an excess can be avoided. 

Although most of the substances to be tested for are readily soluble in 
cold acetone, a few require hot or even boiling acetone before they can be 
brought into solution. Since acetone is inflammable and boils at a relatively 
low temperature (about 56° C) the heat must be carefully applied. Asahina 
(4, p. 530) recommends for this purpose a glass tube about 10 cm. long and 
8 mm. in diameter. The lower end of this tube is gradually narrowed to a 
diameter of about 2 mm., and the narrowed portion is curved back in such a 
way that it lies parallel with the main tube, except at the free end, which is 
curved outward. This apparatus thus resembles, as Asahina points out, a 
miniature burette of the Gay Lussac type (see 4, /. 33 - 35 ). The lichens or 
lichen-fragments to be extracted are pressed down into the tube, covered 
with acetone, and heated over a microflame. In doing this the tube should be 
held obliquely and care should be taken not to expel the contents by applying 
the heat too abruptly. After the acetone has boiled gently for a minute or 
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two the contents of, the tube should be poured out th.i^oni^Ii the uiirrow end 
upon a slide and allowed to evaporate to complete dryness. 4410 extnnd thus 
obtained, which tends to spread out over a eonsideralde surfas'e, siinuld 1 h* 
sn’aped to^“ether by means of a scalpel before proceeding' to tlu* sei-oud sttui 
hi Asahina's method ()f crystallization. 

The crystals of certain liehen-siibstances are lar|re enou^ti to 
nized under the low power of the inieroseope, but the hi^ti power is nores- 
sary in most cases to bring out their distinctive featnr(‘s. Then* ai-t* a ff‘n' 
substanees, in fact, in which the crystals are so very minute that the\' ran 
be easily overlooked. If tlie presence of a giv<*n substance is suspected iu a 
lichen and if negative resnits are obtained at the first trial, a scc'ond m* t*veu 
a third extraction may be advisable before deiddiug that the siibstauce is 
absent. It must be kept in niind also that the pres(*nce of <n*rtain suhs!am*es 
may make the demonstration of other substanees by mi<n*(»chemica] methods 
difficult if not impossibh*. 

At the present time 19 liehemacids and relatecl substamo‘s, which {-an be 
demonstrated by Asahina’s methods, have been re})orted in tlie Clfidanki . 
These substances, which are aiTanged below in aiphiibetical se(|ueiu-e, will 
now be eonsidered with respect to the following data : (1) the distribution 
of the substance among the various North American spe(*ies of the genus; 
(2) the reagents to be used in its demonstration ; and (4) the characteristic* 
features of the crystals obtained. In this resume many of the reacTioiis 
described by Asahina are omitted and the attempt is made to emphasize 
those of the most practical importance from the standiioiut of the taxonc)- 
mist. Additions to the list will doubtless be made in the near future*. 

1. Atronorine. This substance is widely distributed among the lichens 
and has been reported in the following species of Chidania: (\ niespiticia 
(Pers.) Ploerke, P. airiosa (Ach.) Spreng., C, Evansii des Ablmyes, (\ fur- 
eala (Hiids.) Schrad., C. gracilis (L.) Wiild. var. elongatn (Jac((.) Fioerke, 
'C. major (Hag.) Sandst., C, pa pillar ia (Ehrh.) Holfm., (\ raagiferina (L.) 
Web., 61 rangiformis Hoffm., and C. symphyearpia Fioerke. It will be 
noticed that none of these species are red-fniited. Atronorine is negative 
with P'^ but gives a pale lemon color Avith K, very different from the deep 
yellow produced by tliamnolic acid. In species Avith {lersistcut ])rima]*y 
scpianuiles the reaction Avith K shows particularly avcH if the rt‘age!it is 
applied to the chalky loAver surface. 

Perha])s the best Avay to demonstrate atronorine niicrociiemically is to 
extract the lichen-sample Avitli acetone and to apply the (IA.o-~T. solution 
to the dry residue. If the preparation, after careful heating, is examined 
under the mierosco]ie slender yelloAA^ crystals ai\* soon seen to make their 

•> The abbreviation “P’’ stands for paraplienylenedianiine, the a}ibr<*viatioii '‘K,” 
for ])Otassiiini hvdroxicle. 
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appeErRiicG (s6G AsaliiiiR, 4, p. 585, /. 43 ^ ph <5, f. 6). iliGSC ric in tlic form 
of very narrow plates with iDarallel sides and may present the appearance of 
needles if seen on edge. The crystals, if occurring singly, are usually vari- 
olisly curved or contorted and show more or less irregular branching at 
their ends. They are most characteristic, however, when they form radiating 
clusters. Under these circumstances the crystals tend to branch repeatedly 
at their free ends and to give rise to intricately interwoven clusters of thread- 
like elements. Another excellent method of demonstrating atronorine is by 
treating the dry acetone extract with a saturated solution of barium hydrox- 
ide (3, p. 961, /. 15). After heating gently the barium salt crystallizes out in 
the form of dense spherical clusters of deliccite yellow lamellae, which look 
like fine needles if examined casually. 

2. Baeomygic acid. This acid, which was first isolated from Baeomyces 
roseits Pers., has been found by Asahina in a single species of Cladofim, C. 
strepsilis (Ach.) Vainio (9, p. 652), and is responsible for the yellow color 
which this species shows upon treatment with P. The pure acid yields char- 
acteristic crystals with various reagents and the same results can be obtained 
with the acetone extract of the Baeomyces. The G.A.Q. solution, for example, 
brings about the formation of minute, very pale yellow, thin rhomboidal 
plates, occurring singly or in irregular groups. In some cases, as shown by 
one of Asahina ’s figures (9, /. 84) the ends of the rhombi are shortly trun- 
cate, but the majority are regularly formed pi. 5^ f. 3). The presence of 
strepsiline, unfortunately, which accompanies the baeomycic acid in C. 
strepsilis^ interferes with its crystallization, and Asahina gives no method 
by means of which the strepsiline can be first separated. 

3. Barbatic acid. Barbatie acid was first extracted in 1880 from material 

which had been determined as Usnea harhata (L.) Wigg., but the identity 
of this material is still in doubt. At a later date Zopf (20, p. 238) reported 
the occurrence of the acid in several other lichens, including U. ceratma 
Ach. and Alectoria ochroleuca (Bhrh.) Nyl. Asahina (3, p. 870) has shown, 
however, that the acid present in these two species is not barbatie acid but 
diffractie acid, a substance first isolated from the Japanese U. diffrata 
Vainio. The distribution of barbatie acid, therefore, among the species of 
Usnea and Alectoria awaits further investigation. In the genus Cladonia 
barbatie acid has been reported as a definite component of the following 
species (see 11, p. 24): C. amaiH*ocra€ a (Fioerke) Schaer., U. bacillar is 
(Ach.) Nyl., C. coccifera (1m) Willd., C. cristatella Tiutk., C. didyma (Fee) 
Vainio, C. FloerJceana ('Fi\) Floerke, and C. mamfenta Hoffm. It will be 
noted that all of these species, with the exception of 6k amaL^rocraca, are 
members of the section acid, as shown by Asahina (3, 

p. 868, and 5, p. 856), is indistinguishable from the coccelie acid of Hesse 
and from a substance distinguished by Zopf (21, p. 55) under the name 
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cenon^ycine. Both of these substances were listed by Zopf under most of tlie 
speeie.j enumerated above. 

For the demonstration of barbatic acid, which is not difficult, either the 
G.E. solution (3, p. 868) or the G.W.Py. solution (5, p. 856) may be applM 
to the dried acetone extract. If the G.E. solution is used the acid, after 
gentle heating, ivill appear in the form of short, refractive, colorless rhombic 
prisms or rectangular lamellae (3, /. 27)^ associated in some cases with boat- 
shaped prismatic structures having pointed ends (5, ph 5, f. 3). The crystals 
obtained by means of the G.W.Py. solution, likewise after careful heating, 
are perhaps even more satisfactory. These crystals are in the form of color- 
less, narrow, four-sided lamellae (5, /. 44, pi. 5, /, 4). In their most typical 
condition they are oblique at the ends and rhombic in outline, but the ends 
may be square or angled, in the latter case showing a combination of the 
oblique and square conditions. The most charaeteristic crystals, however, 
are united in pairs, and it is usual for one or both members of the pair to 
project beyond the line of junction. Twin cryvStals of this type can readily 
be found in most preparations and are particularly striking if the line of 
junction is relatively short and if the crystals project in opposite directions. 

4. Bellidiplopjne. Zopf, who isolated bellidiflorine from the nortlieni 
Gladonia helUdiflora (Ach.) Schaer. in 1907 (20, p. 332), w^as unable to find 
it ill any other member of the genus (21, p. 108). Asahina, however, demon- 
strated its presence in the following North American species, all belonging 
to the section Cocciferae (11, p. 24; 14, p. 603) : 0. digiiata (L.) Hoffin., 
C. deformis Hofifm., C. endoxantha Yainio, C. goneclm (Ach.) Asahina (a 
recent segregate from C. deformis), C. incrassaia,^ 0. leporina ¥t. (13, p. 
604), C. macilenta, C. pleurota (Floerke) Schaer., and 0. polydactyla 
Floerke. In a few of the species bellidiflorine occurs only as an ^‘accessory’" 
substance, i.e., it is not invariably present. 

Bellidiflorine dissolves with difficulty in cold acetone but readily passes 
into solution if the solvent is boiled. The method described on page 140 should 
therefore be employed. If the dried extract thus prepared is treated with 
the G.A.An. solution and gently heated (10, p. 771), the very charaeteristic 
crystals of the aniline salt are obtained. These crystals do not make their 
appearance immediately but only after a considerable time. They are in the 
form of minute, six-sided lamellae (10, f. 99, pi. 6,f. 4), wliich show a brown- 
ish yellow or brownish green color. In most cases the sides of the hexagons 
are equal, but some irregularity is to be expected. 

5. Cryptoghlorophaeic acid. According to our present knowledge this 

acid is confined to Cladonia Asahina, a recent segregate 

from G. cMorophaea (Floerke) Spreng. (see 18, p. 710). 

4 Tiie authorities for specific names are given only when the species are first men- 
tioned., , ' ' 
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The dry extract obtained by treating' podetia of C. cryptochlorophaea 
with acetone is abundant, somewhat opaque, and more or less tinged wdth 
yellowisj .1 or brownish in transmitted light- It consists in most cases of several 
emicentric bands and shows at the periphery a series of rounded projections. 
If the G. A. W. solution and gentle heat are applied to the extract the prepa- 
ration forms upon cooling the characteristic colorless crystals of crypto- 
ehlorophaeic acid, which are in the form of long and exceedingly fine needles. 
When these occur singly they tend to be more or less curved, and both 
extremities become repeatedly subdivided. It is more usual, however, for the 
crystals to be arranged in dense, radiate clusters around a central point (18, 
pi 1, f,l). Under these circumstances they remain undivided at their at- 
tached ends but branch repeatedly at their free ends, the branches becoming 
finer and finer. In this way circular aggregates of crystals may be formed. 
These bear a certain resemblance to the crystal-aggregates which atronorine 
forms in the G.A.o-T. solution, but the latter are distinctly yellow, their 
larger elements are in the form of narrow bands, and their finer branches 
tend to be more intricately interwoven and distorted. 

6. Didymic acid. Asahina announced the discovery of didyinic acid in, 
1939 (11, p. 32) and demonstrated its presence in the following North Amer- 
ican species of Cladonia, all belonging to the section Cocci ferae: C. crista- 
tella^ C. didynia^ C. leporima, and G. vulcanica Zolling. A short time later 
he added G, incrassata to the list (12, p. 467) and showed that his didymic 
acid was identical wnth the incrassatic acid of Zopf. The species in which 
didymic acid has so far been found are all members of the section Cocciferae. 

The acid is readily soluble in acetone, and distinctive crystals are ob- 
tained if the dried extract is treated with the 6.E. solution and gently 
heated. It is advisable to use for this purpose a sufficiently large lichen- 
sample. The crystals, which gradually appear after cooling, are colorless 
and in the form of long and narrow rhombic lamellae with oblique ends (12, 
/. 100). Many of the crystals, if seen on edge, present the appearance of 
needles, slightly thicker in the middle and tapering to long points. The 
crystals occur singly, in irregular groups, or in radiate or penicillate clusters 
(12, pi. 1, f. i). Excellent results may be obtained also if the extract is simi- 
larly treated with the G.A.W. solution. The crystals resulting from this 
treatment are similar to those just described (12, pi. 1, f. 2) but, in the 
writer/s experience, even more slender and needle-like. Radiate clusters of 
these crystals are frequent, although irregular groups and single crystals 
also occur abundantly. Asahina emphasizes the fact that the crystals may 
be curved or hook-like at the ends. He figures also abnormal S-shaped crys- 
tals with the ends variously subdivided (12, /. idf). 

7. Fumarprotocetraric acid. Zopf (20, p. 173) notes the occurrence of 
this bitter substance in several ge^ra of the lichens, but it seems to be espe- 
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cially widely distributed in the genus Cladonia. Even here, however, it is 
restricted to the subgenus Gladina and the subsections Chasmariae and 
Glausae. It is therefore lacking in all red-fruited species and in the subsec- 
tion Unciales. Funiarprotocetraric acid may be regarded as the characterislie 
acid, or as one of the characteristic acids, in the following North American 
species: G. lorlonica (Del.) NyL, C. cciespitieia^ G. calycantha Del. (16, p. 
469), G . chlorophaea, G . clavuliferaYamio, G: cofiiocraea (Ploerke) Spreiig., 
G. conista (Ach.) Robbins, (7. cornuioradiata (Coem.) Sandst., C. jmibriata 
(L.) Fr., C. furcata (Huds.) Schrad., G. gracilis^ C. major, G. mateocyatha 
Robbins, 0. mitrida Tuck., 0. midtiformis Merrill, G. pityrea (Floerke) Pr., 
G, pyxidaia (L.) Hoffm., C. rangiferinayC, scahrmseida (Del.) Leight., G. 
sylvaiica (L.) Hoffm., G. tenuis (Ploerke) Harm., and 0. verticHlafa 
(Hoffm.) Schaer. It occurs also, as an accessory substance, in G, cryptochloro- 
phaea, G. Grayi Merrill, G. merocMorophaea Asahina, and G. nemoxyna 
(Ach.) NyL 

For the demonstration of fumarprotocetraric acid the negative reaction 
with K and the distinctly red color produced by P are usually sufficient. If, 
for any reason, doubt should arise Asahina ’s microchemieal methods may 
be emplo 3 ?'ed.. He recommends, in the case of G. furcata, for example (9, p. 
659), the extraction by acetone diluted with 15 per cent of water. The mate- 
rial should be boiled in this mixture and the dried extract should be treated 
with the G.A.An. solution. After careful heating and subsequent cooling 
the aniline compound will crystallize out in the form of long and fine yellow 
needles, variable in length and arranged in radiating cluster. These as a 
rule do not form complete circles but show the needles distributed in two or 
more sectorial groups, 

8. Grayanic acid. This acid represents the characteristic constituent of 
G. Grayi, as now defined by Asahina (see 18, p. 713), and occurs also in 
G. borbonica (18, p. 717). When Asahina first extracted grayanic acid he 
considered it identical with the chlorophaeic acid of Zopf (12, p, 468) but 
apparently now regards the latter as an impure substance. 

If a podetium of G. Grayi is treated with acetone the dried extract 
already shows definite, needle-like, colorless crystals of grayanic acid. At the 
periphery of the preparation these usually occur in spreading or radiating 
groups, but in many cases they are free from one another and irregularly 
scattered (12, pi 1, f. 3). In cases of doubt the application of the G.A.W. 
solution, followed by gentle heating, will bring about the appearance of 
longer and exceedingly fine needles, forming definite radiate clusters or 
irregular groups (12, pL i, /. A). 

9. Homosekikaig acid. Asahina first produced this acid synthetically and 
then demonstrated its presence in Japanese material of Ci pityrea (7, p. 
249) - It is apparently an accessory substance in this species, since it has 
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not yet been found in European or North American specdmens. In C. 
fmnoxyna, however, homosekikaic acid is the characteristic substauee pres- 
ent and as identical, as Asahina soon showed, with the neinoxynic acid of 
Zo^of (8, p. 251). 

In order to prove that homosekikaic acid is present Asahinafs directions 
(7, p. 250) should be carefully followed. The dried acetone extract, as he 
points out, presents a varnish-like appearance, and he directs that this 
extract should be scraped together into a compact mass. To this a cover- 
glass smeared with the G.A.o-T. solution should be directly applied. If the 
preparation is then studied, without heating, under the microscope, one or 
more yellowish oily masses will soon be seen to make their appearance and 
in these the crystals of the ortho-toluidine salt will (piiekly be visible. These 
are in the form of exceedingly thin hexagonal plates, which occur singly or 
in lamellate clusters (7, pi. 4, f. 6). The sides of an individual plate are, in 
most cases, unequal in length. 

10. Merochlorophaeic acid. At the present time this acid is known only 
in G. merochloropliaea, a recent segregate from 0. cMorophaea (18, p. 710). 
A sufficient amount of extract for testing can usually be obtained if a single 
podetium of C. merochlorophaea is treated with acetone, but two or more 
may be necessary if the podetia are unusually small. The extract presents a 
varnish-like appearance, and Asahina (18, p. 712) recommends furtlier 
treatment withdhe G.B. solution, followed by gentle heating and subsequent 
cooling. The crystals which now appear usually radiate out irregularly from 
a central area and are in the form of thin colorless lamellae, with parallel 
sides and oblique ends, the acute angles of which measure about 50°. The 
angles of course appear less if the lamellae do not lie flat, and the crystals 
may look like needles if seen on edge. 

11. Norstictic acid. This name was given by Asahina and Yanagita to 
R mh^tmee ohtsiined from Loiaria piilmomria (L.) Hoffm. (9, p. 655). It 
has since been found in Parmelia aceiahulimi (Neck.) Duby, in Usma 
japoouca Vainio, and in Cladonia siihcariosa Nyl. The acid is responsible for 
the deep red color which the Cladonia shows upon the application of K. 

Norstictic acid is readily soluble in acetone, and perhaps the easiest way 
to demonstrate its presence microchemieally is to treat the dried extract with 
a solution of potassium carbonate in the presence of K, Asahina recommends 
for this purpose a 10 per cent solution of K2CO3 plus a 5 per cent solution 
of KOH. The potassium salt will then appear, especially after heating, in 
the form of short straight needles, yellowish red to red in color. These occur 
either separately or variously grouped and may form radiate clusters. An- 
other solution which gives excellent results is the G.A.o-T. solution. If this 
is added to the dry extract pale yellow crystals will appear, especially after 
heating, in the form of exceedingly thin, angled lamellae (9, f. 90), 
occurring singly or in irregular groups. 
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12. Perlatolic acid. This substance, first extracted by Asaiiiiia and 
Fujikawa from Parmelia cetrarioides Del. var. typica DR. (6, p. 40), has 
recently been demonstrated also in two North American species of Oladonky 
C, Evansii and C. inipexa Harm. (15, p. 186, 189). The acid can be readily 
detected by treating the dry acetone extract with the G.A.Q. solution, fol- 
lowed by gentle heating. Upon cooling the characteristic crystals will appear, 
in some cases only after several hours, in the form of dense radiating clusters 
of colorless, exceedingly fine straight needles (15, f. S), As a rule only one 
or a very few such clusters are present in a single preparation. 

13. PsoROMic ACID. Although widely distributed among lichens in general 
(20, p. 198) psoromic acid has been reported from very few species of 
Cladonia, At the present time, in fact, 0. alpicola (Plot.) Vaiiiio and C, 
alpestris (L.) Rabenh. f.. aherrans des Abbayes are the only North American 
forms that can be definitely cited from the literature (21, p. 87 ; 2, p. 804; 
9, p. 656; 15, p. 190). 

Lichens containing psoromic acid are negative or nearly so with K but 
give a deep yellow color with P. Extraction with acetone takes place readily, 
and if the dried residue is treated with the 6.E. solution and gently heated 
the psoromic acid will crystallize out upon cooling in the form of penicillate 
or radiate clusters of fine colorless needles (9, /. 5^). As Asahina points out 
these clusters may be large enough to be visible with the naked eye. 

14. Squamatic acid. This substance is apparently restricted to the Clci’ 
doniae. It was first extracted from C. squamosa (Scop.) Hoffin. but is now 
known also in the following additional North American species (21, p. 106; 
11, p. 24) : C. iellidi flora, C. caespiUcia, G, cenotea (Ach.) Sehaer., (J. cris- 
pata (Ach.) Flot., C. delicata (Ehrh.) Ploerke, C, glauca Ploerke, C, 
gonecha, C. incrassata, G. strepsiUs. It may be noted that some of these 
species are red-fruited and others brown-fruited. 

Since squamatic acid is only slightly soluble in cold acetone but more 
readily so in hot acetone, Asahina ’s burette-like tube is advisable for its 
extraction. If the residue thus obtained is treated with the G.B. solution and 
gently heated, the acid wull crystallize out upon cooling in the form of 
minute, colorless, rhombic plates or truncated, rhombic, double pyramids 
(6, f. 58). In many cases small groups of crystals coalesce in various ways 
and thus form irregular compound crystals. The red-fruited species listed 
above contain usnic acid as well as squamatic acid, and Asahina recommends 
in such cases the use of the G.A.An. solution. In this solution the aniline salt 
of squamatic acid appears in the form of colorless rhombic prisms (10, /. 99). 

15. Stiotic acid. The extraction of stictic acid from Loharia pulmonaria 
{Siicia pulmonaria Ach.) wms made nearly a hundred years ago (20, p. 204) , 
and the substance has since been found in the gmem Parmelia, Eamalina, 
and Stereocaulon {7, p. 655) . Although there are no reports in the literature 
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of its occurrence in the genus Cladonia^ Asahiiia (in a recent letter) notes 
its presence in one of the North American species. It is accompanied by 
norstictic acidy and he has already pointed out that these two acids are not 
infrequently produced by the same species (7, p. 655). Since Asahina has 
not yet published his observations on the Cdadonia in question no further 
details can be given here. 

The demonstration of stictic acid follow^s a familiar pattern. The lichen- 
sample is first extracted with acetone, and the residue left after evaporation 
is treated with the G.A.o-T. solution and carefully heated. Upon cooling 
characteristic crystals make their appearance. They are in the form of ex- 
ceedingly thin, hexagonal lamellae, the sides of wdiicli in most cases are equal 
(7, f, 89). According to Asahina the crystals are yellow, but the color may 
be so pale that they appear colorless. The crystals occur singly or in indefi- 
nite overlapping groups, and the surface showTS a series of irregular lines or 
other markings. 

16. Strepsiline. This substance, according to our present knowledge, is 
confined to C. strepsilis. When the squamules or podetia of this species are 
treated with chloride of lime a more or less distinct green or bluish green 
color is produced, and students of the genus have regarded this color as a 
proof that strepsiline was present. Asahina ’s microchemical methods, how^- 
ever, give more trustworthy results, since the color-reaction is not alwuys 
clear. He directs (12, p. 469) that the specimen to be tested should be 
extracted with acetone and that the residue obtained after drying should 
be treated wdth the G.E. solution and carefully heated. Upon cooling the 
crystals of the strepsiline gradually make their appearance. These crystals 
are colorless and minute and in some eases very scantily produced. They are 
therefore easily overlooked and it may be necessary to make two or more 
extractions before a successful demonstration is obtained. The crystals (20, 
f. 58; 12^ pi. lyf. 6) are in the form of I’hombic plates, which may, if suffi- 
ciently thick, show a pale brownish tint. The acute angles of the rhombic 
faces measure 68°, and the surface is usually marked with a series of fine 
parallel lines. The crystals occur singly or unite to form compound crystals 
of various forms. The most characteristic of these appear split at one or both 
ends, with the free portions diverging from each other. 

17. Thamnolic ACID. This acid derives its names from Thaninolia vermic- 

ularis (Sw.) Ach., in which it wns first found. It is now’ known to occur 
also in several other lichen-genera and in the following North American 
species of Cladonia (9, p. 651; 10, p. 768; 11, p. 24) : C. delicada. C. digitata, 
C. endoxantha, C. macilenta, C. polydadyla, G:Ravenelii '^^^ santensis 
Tuck. (C. persquanmlosa Merrill), and C. sithsquamosa Nyl The red-fruited 
species in this list belong to the subsection Subglducescentes; the brown- 
fruited, to the subsection Several other species, not yet recorded 

in the literature, will probably be added to the list in the near future.^ 
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The presence of thaninolic acid is shown by the bright veliow color pro- 
duced by K, together with the deep orange or red color produced by P. To 
demonstrate the acid microchemically extraction with hot acetone* is advis- 
able, since cold acetone is almost inactive as a solvent. For further treatment 
the G.A, An. solution (9, p. 651) is especially to be recommended. This should 
be added drop by drop to the dry residue and careful heat applied- The 
preparation will then assume a deep yellow color, accompanied by the pro- 
duction of bubbles of CO 2 , and characteristic crystals will make their appear- 
ance upon cooling. These are in the form of fine yellow needles, grouped 
together in dense radiate or fasciculate clusters (9, pL d, /. i) . 

18. UsNic ACID. As the name implies usnic acid was first demonstrated in 
the genus Usnea. Now, how^ever, it is recognized as one of the most widely 
distributed of the lichen-acids, and Zopf (20, p. 102) notes its occurrence 
in nine distinct families. In the genus Cladonia the acid represents the char- 
acteristic substance or one of the characteristic substances in the following 
North American species (21, p. 106; 11, p. 24) : G. alpestris, C. impexa, Cl 
niitis Sandst., C. sylvaiica, and G. teyiim, representing the subgenus Cladina; 
C. helUdiflora, C. coccifera, G. crkiatella, G. deformis, G. goneclia, G. in- 
crassafa^ Cl leporina, and G, pleiirota, representing the subsection Strammeo- 
flcividae of the section Gocciferae; G. amaurocraea, C. Boryi Tuck., G. caro- 
Ivniana (Schwein.) Tuck., and G. uneialis (L.) Web., representing the 
subsection Unciales; C. foliacea (Huds.) Willd."’ and G, eyanipes (Sommerf.) 
Vainio, representing the groups Foliosae and respectively, of 

the subsection Glaimie, It occurs also, as an accessory substance, in G. hacil- 
laris and G. Floerkeana^ representatives of the subsection Suhglaucescentes 
of the section Gocciferae (13, p. 603). It will be seen that the foregoing list 
includes no representatives of the large subsection Ghasniariae or of the large 
groups Podostelides and ThallosteUdes of the subsection Glausae. 

Lichens containing usnic acid tend to show a more or less marked yellow- 
ish tinge, although this is by no means invariably the case. They are negative 
with both K and P (unless certain other acids are present also), but turn 
distinctly yellow with chloride of lime, especially in the presence of E. The 
extraction of the acid for microehemical study can be made wdth either 
acetone or chloroform, but the latter is perhaps preferable because it leaves 
certain other lichen-substances undissolved. The extract obtained from either 
solvent is pale yellow and crystalline in appearance. Further treatment, 
however, is necessary in order to produce satisfactory crystals of the acid 
and for this purpose the G.E. solution yields excellent results (3, p. 863). 
After careful heating and subsequent cooling these crystals gradually make 
their appearance and can readily be seen under the low power. They are in 

5 The oecurrence of the true C, foliacea in North America is open to question, but a 
closely allied species is not infrequent. 
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the form of yellow needles or narrow lamellae with parallel sides, the ends 
of which are obliquely cut otf or taper to long points. The crystals occur 
singly, ill indefinite groups, or in loose radiating* clusters (3, /. 17). 

19. Zeorine. Zeorine was first extracted from some species of Zeora, which 
is regarded at the present time as a synonym of Lecanora. It is now known 
also in various other genera of the Lecanoraceae, in two genera of the Physei- 
aceae (20, p. 53), and in two red-fruited species of Cladonia, C. deformis 
and 0. pleurota. If a podetium of one of these species is extracted with 
acetone, a residue is left which yields characteristic crystals upon further 
treatment with the G.A.An. solution (10, p. 770). As in other cases heat 
should be carefully applied to the preparation, which should then be allowed 
to cool. The crystals (10, /. 97) are minute, colorless, and highly refractive. 
The most typical are in the form of truncated, hexagonal, double pyramids. 
If such a crystal is viewed from above it shows a regular hexagonal outline, 
and a second hexagon can be distinguished at a higher level by careful 
focusing. Other crystals are in the form of complete, broad or narrow^, 
hexagonal pyramids, and the latter not infrequently show a broader equa- 
torial band. In some cases the sharply angled crystals are accompanied by 
irregular crystals in which the angles are rounded or otherwise indistinct. 

Microchemical methods for the detection of certain lichen-substances 
found in the Cladoniae have not yet been described and may not be appli- 
cable. These include the following: cervicornic acid, found in tlie brown 
apotheeia of certain forms of C. verticillata (21, p. 84) ; destrictie acid, 
found in the apotheeia and spermagonia of the European C. destriefa Nyl. 
(20, p. 331) ,* fimbriatic acid, found in 0. fimbriata and 0. major (20, p. 
107) ; rangiformic acid, found in C. niitis (19, p. 91) and 0. rangiformis 
(21, p. 106) ; and rhodoclonic acid, found in the apotheeia of the red-fruited 
species (21, p. 55). 

Asahina’s microchemical investigations atford a new method of attack 
for the taxonomist bj^ enabling him to determine many chemical features 
of lichens with comparative ease. They do not settle, however, the contro- 
versy regarding the significance of chemical differences from a taxonomic 
standpoint. Some writers regard such differences, if constant, as important 
as morphological differences; others assign them a secondary value and 
accept them only when supported by morphological cliff erences ; still others 
consider them of no taxonomic significance whatever. Which of these views 
will ultimately prevail must be left for the future to decide. 

. Yale University - " . 
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OBSERVATIONS ON THE CULTURE OF HEMITRICHIA 
VESPARIUM, WITH SPECIAL REFERENCE 
TO ITS BLACK PLASMODIAL COLOR 

Ruth N. Nauss 

Tlie distmg:uishing characters and habits of individual species of Myxo« 
inycetes during the entire vegetative period have rarely been reported in 
the literature. This is due principally to the fact that most of them vegetate 
within their substrata (Lister 1925), making it difficult to obtain tlieir plas- 
inodia for observation and study. 

Hemitrichia vespariuni (Batsch) Macbr. is such a species. It vegetates 
unseen within its substratum, where it also sclerotizes, and comes to the sur- 
face only to fiuiit. Although this species is commonly collected in the fruiting 
stage, there is no record in the literature to indicate that its true plasniodium 
has previously been recognized in the field. 

The outstanding characteristic feature of the plasinodiiim is its stable, 
definitely black color. This color, unusual for slime-mold plasniodia. together 
with certain other constant features, makes specific identification possible 
before fruiting occurs. AVhile taxonomic characters have not hitherto been 
reported for the vegetative stage of any species, it is believed, in view of the 
studies and observations made on this particular species, that they may be 
found to be rather widespread. 

This report is based on observations made on forty-odd plasmodia of II. 
vesparmm which were isolated and cultured during the past six years. These 
plasmodia and most of their subcultures fruited, bearing sporangia typical 
of the species. The sporangia were verified as to species by Mr. Robert Hagel- 
stein, Honorary Curator of Myxomycetes at the New York Botanical Garden, 
who examined typical specimens of the sporangia submitted to him. 

LITERATURE 

The reports thus far published on H. vesparmm, with one exception, are 
based on spore sowings made in the laboratory. They show that four-year-old 
spores have been found to be viable (Gilbert 1929) ; that the plasmodium is 
parasitie on fungus mycelia (Howard and Currie 1932) ; that the plas- 
modium requires no light in order to fruit (Gray 1938) ; and that the swarm- 
cells thrive well in pine wood decoction and can withstand temperatures as 
low at 2° C Avithout encysting immediately (Smart 1938 a, b). Only two 
investigators have reported on the color of the plasmodium : Grav 1938, 
Carr 1939. 
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MATERIALS AND METHODS 

The plasmodia of this species were obtained mostly by eiiltiiring decaying 
wood and leaves. Collections of such material were made in New Yot'k State 
(including Long Island, Gardiner’s Island, and Staten Island), New Jerse^% 
Pennsylvania, and southern Vermont. The plasmodium was isolated from 
material collected in all of these regions. Several plasmodia were grown from 
laboratory-developed fruiting bodies, the spores of which were sown on blot- 
ting paper which had previously been used as substratum. Numerous sub- 
cultures were also grown, some of them with other species in order to observe 
communal behavior. All of the plasmodia were cultured on white blotting 
paper, which was obtained in large desk-size sheets, watermarked in squares. 
The sheets were then cut to the desired size and shape as needed. Tap water 
was used as the source of moisture. 

The method employed for isolating the plasmodia from their original 
substrata was to place a suitably sized disk of blotting paper, cut in halves, 
in a petri dish and moisten it with water. A selected piece of wood or leaves, 
recently collected and still moist, if possible, was then laid on the paper, and 
the culture kept saturated by subsequent additions of water as required. As 
soon as the plasmodium had left its original substratum, the latter was re- 
moved. Plasmodia thus isolated were given nutrient evei*y few days, and 
were cultured and subcultured both in petri dishes and in jars. 

When plasmodia were grown in jars, the method used was an adaptation 
of that employed by Camp (1936) in eulturing Physarum polycephaluni. 
Small glass-covered jars were preferred, which measured 31 inches high and 
2f inches in diameter. For starting these cultures, a portion of blotting paper 
containing the plasmodium was transferred from a petri dish culture to a 
jar that had been lined around the inside wall with two-inch squares of blot- 
ting paper and filled to a depth of about one inch with water. Such eultures 
provided the plasmodium with a continuous, partially submerged circuit or 
pathway around which it might travel progressively without inhibition, and 
also insured a constant supply of moisture. 

Nutinent consisted of pulverized rolled oats (either the Quick” or 
regular kinds), tropical fish food, and 'wheat germ. These were sifted on the 
cultures through a fine mesh sieve, in front of the plasmodial ‘‘fans.” Fish 
food was used mostly for young plasmodia and for plasmodia which had 
become somewhat sluggish. It was also found to be good in preparing fresh 
blotting paper substrata. Usually, plasmodia would not creep onto a fresh 
piece of blotting paper sprinkled with oats until the second or third day, by 
which time the oats had become somewhat gelatinous. When fish food was 
used instead of oats, this time was generally reduced to a few hours. Oats, 
however, was decidedly the preferred nutrient, and was ingested readily 
later on as particulate food, after the plasmodium had become established 
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on a fresh piece of paper. Althoiigii no such definite reaction was noted in 
connection with wheat gerni, it was continued in use in community cultures, 
along with oats, since plasmodia of some species thrive on it. 

- No effort was made to keep the cultures sterile, because it was felt that 
more natural results could be obtained if conditions approximated more 
closely those existing in nature. A given piece of blotting paper was therefore 
continued in use as substratum as long as it remained sufficiently firm, even 
though mold, bacteria, and other organisms were abundant in the culture. 
The surface was cleaned every week or ten days either by peeling off with 
tweezers the top layer of the paper or by flushing the culture with a siphoned 
stream of water, care being taken to avoid injuring the plasmodium. 

CHARACTERS AND HABITS OF PLASMODIUM 

The plasmodium is of medium size as compared with those of about fifty 
other species also grown in culture by the author. It is neither as large as 
Physarum polycephalum nor as small as several others cultured. This applies 
to the size of the largest veins as well as to the aggregate amount of proto- 
plasm in a plasmodium which has attained its maximum growth. 

As cultured, this species shows an ever changing ‘^fan” pattern that is 
common among slime-molds, but the posterior veins are often looped (fig. 1). 
When young, it is frequently seen in a twin-fan pattern (fig. 2). The two 
fans are usually of equal size and are also connected posteriorly by looped 
plasmodial veins. This pattern may persist for as long as two da,ys, when the 
fans may mei’ge, or separate entirely. All of the twin-fan patterns observed 
were remarkably alike in form and size, and they were seen often enough to 
suggest the term ‘‘recurring pattern.’^ 

The plasmodial veins of this species vary greatly in diameter, although 
during the first few weeks they are usually of about equal size. Typical large 
veins consist of a main black-colored channel, flanked on either side by a 
thin, hyaline pseudopodial “ ruffle 'V with darkened areas (fig. 3). These 
ruffles are always present throughout the life of the plasmodium, except 
when it is very young or very old. In a young plasmodium and in the smallest 
veins of an older one, the ruffles may be expressed merely as nodes or buds 
scattered along either side; in old plasmodia — those about ready to fruit— 
the ruffles have been withdrawn. The protoplasm is characterized by the 
presence of conspicuous, round, white transparent vacuoles, which are visible 
under a hand lens. They travel along with the protoplasm, which streams in 
one direction for about 50 seconds and then reverses its flow for about 45 
seconds. The plasmodium, as a whole, advances at the rate of about an inch 
in three hours. These rates are about average for the slime-molds in general. 

The black color of the plasmodium is derived from numerous black pig- 
mented granules. These flow back and forth with the streaming protoplasm, 




Fig. 1. Vegetating plasmodium, showing a normal variation in looping of posterior 
veins. X 3. FiG. 2. Recurring pattern, x 3. Fig. 3. Typical veins of a vegetating 
plasmodium, showing characteristic pseudopodial ruffles, x 30. Fig. 4. FI asmodial veins 


clumping to fruit, x 33. 
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podial ruffles. In these ruffles they are sparse at first, but wherever a number 
of them, become temporarily lodged that ai’ea appears black (fig. 3). As 
the Plasmodium ages, the granules seem to increase steadily in numbers 
throughout the entire plasmodium. As a result, there is a progressive deepen- 
ing of the color during the vegetative stage. In this connection, Seifriz and 
Zetzmann (1935) reported that the deepening of the yellow color in the 
plasmodium of Physarum polycephahim is of the nature of a pH indicator, 
although they did not mention that the change in color was caused by the 
presence of pigmented granules. 

In the field, the plasmodium is not found in places which would suggest 
that it requires an abundance of moisture ; yet in culture it requires more 
than do plasmodia of those species most commonly grown in the laboratory, 
especially large ones such as Physarum polycephalum and Fuligo septica. 
This is particularly noticeable when the substratum begins to dry out. The 
two species just mentioned generally remain on the surface, while H. ves- 
parium creeps into the substance of the paper and remains there until more 
moisture is provided. An exception to this habit occurs when the black plas- 
modium is nearing the fruiting stage, at which time it likewise remains on 
the surface. This abundance of moisture is evidently required to protect the 
hyaline pseudopodial ruffles against drying out, for the central vein channels 
were usually not covered by a film of water as were the ruffles. Keeping the 
cultures very wet also enabled the plasmodium to make more rapid growth, 
This species was never observed to creep up the bare sides of glass culture 
dishes as do the large yellow plasmodia of other species. 

The vegetative stage of H. vesparium generally lasted from four to twelve 
months, seven being about the average. Plasmodia which w'ere subcultured 
several times tended to take longer to fruit than did those not subcuitured. 
One plasmodium grown from spores and not subcultured fruited in two 
months. Even this short period, however, w’as much longer than that recorded 
by Seifriz and Kussell (1936) for Physarum polycephalum, which bad a 
sixteen-day cycle in the cultures observed. Although no such specific peri- 
odicity was observed in H. 'ye^panttm, fructification was more certain to 
occur in this species than in any of the other species cultured. 

Besides feeding on prepared nutrients, the plasmodium was also observed 
to ingest living organisms such as protozoa. Several times, when the plas- 
modium had crept off a small square of blotting paper in a petri dish into a 
thin film of surrounding water, various kinds of microscopic organisms 
swarmed and darted about the unusually long hyaline- tipped pseudopods 
that had just been elongated. After a few minutes a number of the organisms 
were engulfed by a quick outflow of more hyaloplasm. Several minutes later, 
black granular protoplasm was seen to stream out and carry the already 
disintegrating organisms deeper into the plasmodium. ' 
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Fragmentation was frequently observed in young plasmodia during the 
first two months ; after that, it seldom occurred. The plasmodial fragments 
numbered anywhere from two to eight in a given culture at one time. In 
about a week they gradually coalesced into a single plasmodium, if permitteal 
to, and then in another week or so f raginentation might recur. 

In community cultures, the plasmodium was never observed to harm or 
interfere with a plasmodium of any other species with wliich it was asso- 
ciated. A small white plasmodium, however, was found to parasitize it {E, 
vesparmm) , completely consuming it. Over a three-year period, this para- 
sitic plasmodium has been kept in the active vegetating state only by feed- 
ing it the plasmodium of H. vesparmmj although many other nutrients were 
also tried. When it has no black plasmodium, it sclerotizes. Since i)ara- 
sitism among Myxomycetes themselves seems to be an unrecorded phenonu*- 
11011 , it seems better to prepare a separate illustrated report on the results 
obtained from culturing these two plasmodia together. 

GROWTH OP PLASMODIUM AND SPORANGIAL FORMATION 

During the plasmodial stage of H. vesparium, four periods of growth 
were observed : (1) when the plasmodium is very young (scattered nodes 
along equal-sized veins) ; (2) when older and making the most growth prog- 
ress (main channels black, bordered by hyaline pseudopodial ruffles; veins 
varying in size) ; (3) when about mature (entire plasmodium, including ruf- 
fles, jet black; ruffles appear somewhat fringe-like) ; (4) when ready to fruit 
(ruffles entirely absent and main channels swollen and clumped). Although 
the appearance of the veins is not necessarily uniform throughout a given 
plasmodium at any one time, the characteristics of one of the four growth- 
periods enumerated always appear to predominate. 

As the plasmodium approaches the fruiting stage, there is a sharp de- 
crease in the amount of moisture and nutrient required. Only a moist sub- 
stratum need now be maintained instead of a saturated one, and little if any 
nutrient is needed. Any nutrient that is inadvertently sifted directly upon 
a jet black plasmodium often causes that portion to turn red, such change 
of color denoting death in this species. 

The amount of moisture present in a culture while the pseudopodial ruf- 
fles are disappearing seems to be the principal determinant of how soon 
afterwards the sporangia begin to rise. Excessive moisture tends to retard 
fructification and may even cause all or part of the plasmodium to die. Too 
little moisture inhibits its movement, and if the plasmodium is within the 
substratum at this time, it lies more or less dormant. Then when moisture 
is added, it has been observed to well up to the surface of its substratum, 
in shiny black masses, each a potential cluster of sporangia. At such times, 
no hypothallus is seen, it being left behind within the substratum. 
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During tlie prefriiiting period, the plasmodiuin ina}' be either reticulate 
or in a .solid layer. When in a layer, it resembles a thin sheet of sliiny black 
wax in appearance. The yeins of a reticulate plasmodiuni are greatly swollen 
ax this time (fig. 4), and the protoplasmic streaming is very sluggish, as can 
be detected in the opaque veins only by means of the large transparent vacu- 
oles. Close to a rising sporangial cluster, the streaming is in one direetion 
only—toward and up into the sporangia, with no reversal flow taking place. 

Sporangia require about four hours to complete development from the 
time they begin to rise from the clumped veins. The fruiting process gen- 
erally occurs between midnight and morning, when no light is present. 
Although Gray (1938) did not mention this nocturnal habit for his plas- 
modia of this species, he did state that they required no light in order to 
fruit 

Fructification was never observed to occur as a result of injury to the 
plasmoclium, lack of food, dehydration, or exposure to bright light. The plas- 
modia fruited, it seemed, only after a certain degree of maturity or aging 
had been attained. Camp (1937) reported that Fhysaruni polyeephaluni 
could be induced to fruit at any time simply by withholding food from it. 
Such treatment ot II. vesparium resulted only in a perceptible decrease in 
the size of its plasmodiuni. Seifriz and Eussell (1936) stated that nutrition 
and toxic substances alone seemed to have a possible influence on the fruiting 
of P. polycepliahimi. They reported further that “the growth rhytlim is be- 
lieved to be a definite protoplasmic quality, which requires certain as yet 
unknown conditions in order to express itself. ^ ^ 

Subcultures made from a parent plasmodiuni tliat was jet black and 
nearly ready to fruit, usually bore fruit about the same time as did the 
parent plasmodiuni. Seifriz and Bussell (1936) also reported this fruiting 
habit for P. poly cep hahim. 

All of the fruiting bodies which developed in culture were either one of 
the two colors reported by Gilbert (1927) for this species, namely, metallic 
hliiish-black, or brick-red. The brick-red color predominated. Whether the 
amoinit of moisture in a culture had any relation to tlie c-olor of sporangia 
prodnced was not determined, but at times tliis seemed probable. 

FORMATION OF SCLEROTIA 

The factors reported in the literature as causing Myxomycetes to sclero- 
tize are: lack of food, dehydration, and cold. The last two were the only ones 
observed to cause the plasmodiiim of H. vesp<irium to sclerotize. Lack of 
food, as has just been mentioned, only resulted in a, decrease in the size of 
the jilasmodium. 

In most instances, sclerotia of this species formed as a result of dehydra- 
tion. Unlike many larger species, which sclerotize in a heaped mass on the 
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Fig. 5. A scierotizecl x)lasniodiuiii between blotting paper and glass, x 33. Fig. 6. 
Middle section of figure 5 enlarged, x 150. Fig. 7. Portion of a culture that has fruited, 
showing dorsal view of sporangial clusters and the red residue left in former vein tracks 
when the plasmodiiim fruited. x 3. Fig, 8. Typical sporangia. x 30. 
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surface of tlieir substratum when dehydration occurs, H. veaparium selero- 
tizes within its substratum (or beneath it) in rows of black bead-like cysts 
(figs. 5 and 6). This formation results from the breaking up of the plasmodial 

vfins in situ, 

Tlie cysts are generally round or ovoid in shape when fresh, and range 
in size from 10 to 40 fj. If formed within blotting paper, a large scderotinm 
resembles a light-colored blot of ink when viewed from either side without 
a lens, the individual cysts not being visible. A small selerotium can some- 
times be located only by holding the paper up to the light. When tlie scle- 
rotiuin forms beneath the blotting paper, next to the glass, the rows of cysts 
show up plainly under low magnification. Young cysts that were formed as 
a result of dehydration required only a day or two to exeyst after being 
moistened, while one-year-old cysts required from 48 to 60 hours. 

Exposure to cold caused the plasmodium to sclerotize even when it was 
covered with water. AVlien subjected suddenly to a temperature of 40® P., 
the plasmodium sclerotized in about 12 hours. Tliis change occurred so 
quickly that the original pattern of the plasmodium was retained and a low 
magnification was required to show that encystment had taken place. Some 
of the cysts became a transparent red in color and could not be revived, but 
those that remained black usually could be reactivated into normal plasmodia 
within a day or so. 

Plasmodia that developed from reactivated sclerotial cysts were always 
black and bore typical sporangia (fig. 8). 

PLASMODIAL COLOR 

Although black was the only color observed either in th e field or in the 
laboratory for H. vesfarmm, this color does not seem to be nientioned in the 
literature for this species or for any other vegetating Myxomycete, and 
inquiry among students of these organisms revealed no one who had previ- 
ously seen a black plasmodium. In a few instances taxonomists have listed 
some shade of black as the ].dasmodial color of a few species, but such color 
references apparently are not meant to apply to the vegetative stage — as is 
generally interpreted— but to the prefruiting stage (that which iinmediately 
precedes fructification). Macbride (1922, p. 286) states that the colors listed 
in The North American Slime-Moulds refer to the prefruiting stage unless 
otherwise stated. Hagelstein makes a similar statement regarding colors of 
vegetating plasmodia, in a personal communication (1938). Since Macbride 
lists the color of H, ves'parnim as deep red (1. c., p. 262) and does not specify 
the stage to which it belongs, he, and others who also list some shade of red 
for the plasmodial color of this species, must therefo].‘e mean the color red to 
refer to the prefruiting stage, and not to the vegetative stage as was con- 
cluded by Gray (1938) and Carr (1939). 
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Gray reported that his plasmodia of this species, which he obtained by 
sowing’ spores on corn ag*a.r, were pearly white. He stated, hoAvever, that they 
did not grow large, that fruiting was sporadic, and that in no ease was an 
entire plasmodinm utilized in sporangial formation. A few of the black pMs- 
modia that I have grown from spores on blotting paper and not transferred or 
subcultured had a tendency to be somewhat erratic in their fruiting habit 
in that the plasmodial fragments sometimes remained separate and fruited 
at different times. In each instance observed, however, all of the protoplasm 
in a given plasmodial unit was utilized when fructification occurred. 
This was generally true, also, of plasmodia obtained from material in the 
field, which, like those grown from spores, sometimes formed five-inch fans 
when given sufficient space and fed carefully. 

It may be pointed out, in connection with Gray’s reporting a different 
color for the vegetative stage of this species, that according to the literature 
the use of prepared media in culturing spores of Myxomyeetes has not 
proved to be a very reliable source from which to determine colors of vege- 
tating slime-mold plasmodia. Pinoy (1908) reported that he obtained yellow 
plasmodia as well as blackish-purple ones when he sowed spores of Didymium 
nigripes on flaxseed gelatin. Gray (1938) and Kambly (1939) obtained yel- 
low and white plasmodia, respectively, by sowing spores of Fiiligo septica on 
corn agar. On the other hand, plasmodia of H, vesparitmi, according to my 
observations, were always black, whether observed in the field, isolated from 
natural substrata on blotting paper, or grown from spores on blotting paper. 

Still another color has been reported for this species. Carr (1939), after 
observing a single plasmodinm on wood cultured in a moist chamber for four 
months and then finding fruiting bodies of H. vesparium on the w^ood, con- 
cluded that the yellow plasmodinm had borne the sporangia of this species. 
The evidence is inconclusive. Many times the author has also had sporangia 
of this species develop on decaying wood cultured in a moist chamber, when 
the only visible plasmodinm was a yellow one. But when such pieces of wood 
were cultr}red with a view to isolating all Myxomycete plasmodia present in 
the wood, as many as four or five other plasmodia, all differently colored, 
were frequently obtained ; that of H. vesparnm (always black) was often one 
of them and the only one that produced typicab f ruitings of this species 
when grown in isolated cultures. It is therefore doubtful that E, vesparkm 
ever has a yellow plasmodinm. 

Regarding the red color listed by Macbride and other taxonomists as the 
prefruiting color of E. vesparhim^ this color was not observed in any of the 
black plasmodia preceding nor during their fruiting period. Sometimes, 
when viewed by reflected light, the plasmodinm had a faint red tinge shortly 
before fruiting time. This was thought to be due to the presence of extrane- 
ous material that was beginning to be east off, for as the jet black protoplasm 
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flows into the newly forming fruiting bodies, it leaves a red residue behind 
in the vein tracks (fig. 7, arrow). When fresh, this red residue so closely 
resembles living plasinodium in consistency that microscopical examination 
iiiider good light was necessary in order to determine its true nature. Because 
of this close resemblance, it is wondered whether the appearance of tliis red 
residue at fruiting time might account for the statements of Macbride and 
others that the prefruiting color was red. It wmuld undoubtedly shoAC up 
more clearly than would black on dark, decaying vegetation. It might even 
account for Gray ’s observing (1938) that his pearly white plasniodia of this 
species turned red at fruiting time but that this color change did not occur 
until after sporangial delimitation had begun. To determine this point, 
further observation, seems necessary. 

Although color as a taxonomic character of vegetating slime mold plas- 
modia has not yet been recognized, it may not be without significance in 
helping to determine species of Myxomycetes before fruiting oeciirs. The 
consistency with which H. vesparium has maintained its color over such a 
long period of time affords evidence in this direction. Kambly (1939) believes 
that it is necessary to know the factors influencing color before it can be 
accepted as a taxonomic character. When color has been found to be constant 
for a given species, however, it seems logical to recognize its taxonomic value 
without waiting to determine what causes it. 

31 PoNDPiELD Road West 
Bronxville, New York 

SUMMARY 

1. The plasmodiiini of H. vespariimi can be identified specifically before 
fruiting occurs and is easily cultured to maturity. It is eharacterized by a 
definite black color. 

2. Fragmentation occurs frequently during the early life of tlie plas~ 
modium. 

3. The plasmodium has a recurring twin-fan pattern. Posterior veins are 
often looped. 

4. Sclerotia are formed within the substratum in rows of bead-like cysts, 

5. The plasmodium is completely parasitized in culture by the plas- 
modium of another Myxomycete (species as yet undetermined). 
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MACROSPOROGENESIS, FERTILIZATION, AND EARLY 
EMBRYOLOGY OF TARAXACUM KOK-SAGHYZ^ 

H. E. Warmke 

With the mtrodiictioii of seed of the Russian Dandelion, Taraxacum hok- 
sagliyz Rod., into this country early in 1942, and with plans for its extensive 
ciiltivation as a domestic source of rubber, it became important to know 
something* more of the cytology and breeding behavior of this species. 

The common dandelion, Taraxacum officinale, and other species have long 
been known to reproduce by apomixis (Raunkiaer 1903 ; Miirbeek 1904 ; Jiiel 
1904, 1905; Sears 1917, 1922). In these forms there is a failure of the first 
meiotic division, and the second division gives rise to a dyad of macrospores 
with unreduced nuclei, rather than the usual tetrad with reduced chromo- 
some number (Osawa 1913; Rosenberg 1927, 1930). One of the unreduced 
cells degenerates (usually the micropylar one), and the other undergoes 
mitotic divisions to form an eight-nucleate, but diploid, embryo sac. The 
unreduced egg cell begins to divide, without the stimulation of fertilization, 
to form a completely vegetative embryo and seed. 

With apomixis known to occur in the genus, it was important to ascertain 
whether the material with which we were working was also apomictic, or 
whether it was sexual, before entering into selection and breeding experi- 
ments. The Russian workers, Poddubnaja-Arnoldi and Dianowa (1934), in i;; 

a study of several members of the genus, reported T. kok-saghyz to be a 
diploid with chromosome numbers of w = 8 ; 2n = 16. They further reported 
that this species is sexually reproducing and highly self -sterile. Our results 
confirm and extend the findings of these workei^s. 

MATERIALS AND METHODS 

Seeds were received on May 16, 1942, from Dr. E. W. Brandes under the 
Taraxacum kok-saghyz, plant quarantine number 143960. These were 
a portion of the seeds which reached this country from Russia by air express. 

They apparently were from unselected field-grown plants, for in addition to 
showing extreme variation in size, vigor, and leaf shape, they also contained 
contaminations of the common dandelion. 

Root tips were prepared according to the section-smear technique 
(Warmke 1941). Buds and flowers were fixed in Rollin Carnoy, sectioned at 
10-20 microns according to the stage, and stained with the Feulgen reaction 
for fertilization and iron hematoxylin for other stages. 

Gooi:)erative project with Dr. E. W. Brandes, Pathologist in Charge, Ruhher Plant 
Investigations, U. S. Department of Agriculture. 
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CHROMOSOME NUMBER 

Eoot tips were taken from plants growing in four-incli pots in the green- 
lionse ; chromosome counts showed the diploid number to be 16 (fig.'lj a and 
b). No variation from this number has been observed. The chromosomes are 
of medium size, ranging from approximately 2 to 4 microns in length in the 
roots, and fix and stain well. One pair of chromosomes bears prominent satel- 
lites (fig. 1, b). 



Pig. 1. Photomicrographs of somatic chromosomes from root tips of laraxucum Tcol- 
saghys. The diploid chromosome number is 16 . Note one pair of chromosomes with satel- 
lites (fig. lb). X 1400. 

The haploid chromosome complement was studied at first meiotie meta- 
phase in macrospore mother cells (fig. 4) and in pollen mother cells (fig. 6). 
In all cases the reduced chromosome number was found to be 8. 

DEVELOPMENT 01^ THE MACROGAMETOPHYTE 

The ovule is solitary and anatropous. The maerospore mother cell arises 
from a hypodermal cell and may be distinguished early by its greater size 
and more intense staining reaction (fig. 2). Surrounding the macrospore 
mother cell is a single layer of nucellar cells, -which is soon overgrown and 
surrounded, except for the micropyle, by a single integument. The macro- 
spore mother cell increases further in size (fis- s-nd then undergoes the 
first meiotie division (fig'. 4). The chromosomes are arranged in a regular 
manner as bivalents on the metaphase plate, with no indication of univalents 
or laggards. 

At the end of Mi a cell wall is laid down (fig. 5) to form the usual dyad. 
The second meiotie division follows quickly, and cell walls are laid down to 
form a linear tetrad of maerospores (figs. 7, 8). The ehalazal maerospore 
tends to be larger than the others (fig. 8) and usually becomes functional. 
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Eigs. 2~16. Meiosis and niaerogametopliyte formation in T. Icol^-saghys. Fig. 2. 
Young ovnle sliowing macrospore mother cell before oyergrowth of the integument, x 540. 
Fig. 3. Older macrospore mother cell, x 540, Fig, 4. First meiotic metapliase ; eight bi- 
valent chromosomes are present. X 540. Fig. 5. Late telophase of first meiotic division 
with dyad of cells being formed, x 540. Fig. 6. MI in pollen mother cell showing 8 chro- 
mosomes. X 840. Fig. 7, T^ate telophase of second meiotic division, x 540. Pig. 8. Linear 
tetrad of macrospores, x 540. Fig. 9. Middle two spores of tetrad tend to degenerate 
early. X 540. Fig. 10. A rare ease, where micropylar macrospore is functional, x 540. 
Fig. 11. The more usual condition, where the chalazal macrospore becomes f unctional, and 
the others degenerate, x 540. FiGS. 12--14. 2-, 4-, and 8 -nucleate stages in the develop- 
ment of the macrogametophyte. X 270. Fig. 15. Young 7-eelled macrogametopyte. Note 
union of the polar nuclei and beginning of degeiieration of antipodals. x 270. Fig. 16. 
Mature macrogametophyte. X 270. 
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while the three other macrospores degenerate (fig*. 11). There is a strong 
teiidenev in mani^ of the ovules, however, for the middle two cells to de- 
generate quickly and for both the micropylar and ehalazal ones tp persist 
and enlarge (fig. 9). One of these eventually gains the ascendency and the 
other- degenerates, for twin embiyo sacs have not been observed. The basal 
cell usually becomes functional, but figure 10 shows a ease where the niicro- 
pylar cell seems to have become the functional macrospore. 

This process appears to be an orderly and complete meiotic division and 
to have resulted in the formation of four reduced niacrospores. It is quite 
distinct from the abortive process in the common apomictie species, in which 
two unreduced macrospores are formed as the .end-result of meiosis. 

Before the non-functional spores have completely degenerated, the first 
mitotic division in the formation of the macrogametophyte occurs (fig. 12). 
The second and third divisions follow in rapid succession, forming four- 
nucleate (fig. 13) and eight-nucleate (fig. 14) macrogametophytes. During 
these free nuclear divisions the macrogametophyte increases in size, lai'gely 
by the process of vacuolation. It is also evident that as the iiuraber of nuclei 
increases, the individual nuclei decrease in size (figs. 12“14). 

The two most centrally located nuclei approach each other in the usual 
manner to become the polar nuclei (fig. 15). Note in figure 15 that these two 
nuclei, though in contact, are still separated by the nuclear membranes. Cell 
walls are laid down and soon transform the macrogametophyte into the 
typical se^^en-celled structure, consisting of two synergids, an egg cell, a 
large and vacuolate primary endosperm cell, and three antipodals. These 
latter become pycnotic and start to degenerate even before the polar nuclei 
have completely fused (fig. 15). The macrogametophyte enlarges greatly 
until it reaches its mature size (fig. 16), which represents the condition at 
flowering. 

fertilization 

Fertilization begins about 30 minutes after pollination at 70® F. under 
greenhouse conditions. This may be compared with 15 minutes reported for 
this species under slightly different conditions by Poddubnaja-Arnoldi and 
Dianowm (1934). Our fixations at 10, 15, 20, and 25 minutes failed to show 
evidence of fertilization. 

Thirty minutes after pollination many ovules are seen in which pollen 
tubes have penetrated the embryo sac (apparently through a synergid) and 
have wedged in between the egg and primary endosperm cells, separating 
these structures (fig. 17). 'Whether this is actually the tip of the pollen tube, 
or some material extruded from the tube, is not clear. This material is uni- 
form in consistency and appears to be somewhat more dense than the cyto- 
plasm of the surrounding embryo sac. It has a characteristic sickle shape and 
bears near its base a single small nucleus which stains darkly. It is not cer- 




Fias. 17-33. ^fertilization and embryo formation in T. Tcok-saghys. Fig. 17. 30 min- 
utes after pollination: pollen tube with two male nuclei near its tip Avithin the embryo 
sae, X 380, Fig. 18. 30 minutes after pollination: male nuclei in contact Avith nuclear 
membranes of egg and endosperm cells, x 380. Fig. 19. 45 minutes after xiollination: 
male nuclei AAdtliin egg and endosperm nuclei. x380. Fig. 20. 2 hours after pollination: 
the intensely staining male nuclei have disappeared and are replaced by small extra 
nucleoli Avithin egg and endosperm nuclei, x 380. Figs. 21/ 22. 45 minutes and 2 hours, 
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tain whether this is the tube nucleus or the nucleus of the synergid which was 
penetrated by the pollen tube, although the latter seems more likely, since 
this pycnotic nucleus always lies approximately opposite the undisturbed 
synergid nucleus (figs. 18, 19, 20, 21). 

With the Feulgen reaction, the large egg and endosperm nuclei take a 
very light stain, in contrast to the sperm nuclei, which stain very intensely. 
When first seen, the male nuclei appear to lie within the pollen-tube materia] 
(fig. 17) but soon come to lie out of this and in contact with the egg and 
endospermnuclei (fig. 18). 

Forty-five minutes after pollination the two male nuclei are seen inside 
the egg and endosperm nuclei ; they have increased in size, and have become 
more diffuse (fig. 19). In favorable preparations male nuclei at this stage 
are seen to be made up of expanding and uncoiling chromonemata. At two 
hours, nuclear fusion is complete (fig. 20). The intensely staining chromatin 
of the male nuclei is no longer in evidence* in its place two small nucleoli 
have appeared, one each in the egg and endosperm nuclei. The pollen-tube 
material is still present, as well as the cavity separating egg and endosperm 
cells. 

As noted by the Russian workers, supernumerary male nuclei are not 
uncommon. Figures 21 and 22 show two such cases. In the first of these a 
total of 8 male nuclei is present in one embryo sac ; while the second must 
have 10: 8 densely staining ones and two already united with the egg and 
endosperm nuclei, as indicated by the presence of two nucleoli in each of 
these nuclei. Figure 22 is a two-hour stage, and the double nucleoli almost 
certainly indicate previous nuclear fusion, just as they do in figure 20. 

The supernumerary sperm nuclei usually do not function, as is indicated 
by their presence as separate, compact bodies lying in the pollen-tube ma- 
terial or adjacent cavity even after the egg and endosperm have begun 
mitotic divisions. Figure 21, however, seems exceptional : here two nuclei lie 
in the tube, three in the adjacent cavity, one against the egg nucleus, and 
two against the primary endosperm nucleus. The sperm nuclei in contact 
with the egg and the endosperm nuclei are becoming diffuse. This suggests 

respectively, after pollination : supernumerary male nuclei are occasionally found witliin 
tlie embryo sac. X 380. Fig. 23. 6 liours after pollination: the endosperm nucleus is under- 
going its first division. X 380. Fig. 24. 7 hours after pollination: the endosperm is 
2 -nucleate, and the zygote is undergoing the first division. X 380. Fig. 25. 9-hour stage : 
the proembryo is 2-celled, and the endosperm is 4-nucleate. x380. Fig. 26. Metaphase 
plate from dividing embryo cell showing diploid number of chromosomes, 2n = 16. x l400. 
Fig. 27. Late prophase from dividing endosperm showing triploid number of chromosomes, 
3^^ = 24. X 1400. Fig. 28. Proembryo 4-eened, and endosperm lO-iiueleate, x 380. Fig. 29. 
7-eelled pro embryo, x 380. Fig, 30. ll-eelled proembryo, x 380. Fig. 31. 24 hours after 
pollination: proembryo is made up of 28—30 cells, x 380. Fig. 32. 40-44 hours: young 
spherical embryo with short suspensor. x 85. Fig. 33. 55-60 hours : the embryo has 
assumed mature form, with cotyledons, epicotyl, hypocotyl, and root tip. x 25. 
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that these two male imclei, instead of one as expected, may be uniting with 
the endosperm. There is some further evidence that functional polyspermy 
may occur in connection with the endosperm, in the fact that four or five 
separate nucleoli may occasionally be observed in a single endosperm nu- 
cleus. Since a maximum of one nucleolus is characteristic of each haploid 
chromosome complement, the presence of four or five nucleoli in endosperm 
cells may be indicative of extra sets of chromosomes, although no more than 
the triploid number of chromosomes has ever actually been counted in divid- 
ing endosperm. 


DEVELOPMENT OP THE EMBRYO AND ENDOSPERM 

At approximately 6 hours after pollination, under our conditions, the 
first division of the endosperm occurs (fig. 23). This is usually followed about 
an hour later by the division of the zygote (fig. 24). At 9 hours after polli- 
nation the proembryo is 2-celled and the endosperm 4-nucleate (fig. 25). 
Chromosome counts from dividing cells sho'w the embryo to be diploid (fig, 
26) and the endosperm to be triploid (fig. 27). 

The further development of the embryo follows the aster type/^ charac- 
teristic of the composites. The ''basal ceir’ (according to the terminology of 
Soueges) undergoes a transverse division; while the "apical ceir’ divides in 
a longitudinal plane. This is illustrated in the 4-celled stage (fig. 28). Here 
the basal cell has divided to form two daughter cells, one above the other; 
while the apical cell has divided so that one daughter cell lies behind the 
other. 

The second division of the apical cell is also longitudinal, but at right 
angles to the plane of the first, as shown by the orientation of the division 
figures in figure 28. The uppermost half of the original basal cell also divides 
longitudinally, thus producing a 7-celled proembryo (fig. 29). 

The proembryo undergoes rapid division to reach the 11-celled stage 
shown in figure 30. There are 7 derivatives of the original apical cell and 4 
derivatives of the original basal cell. At 24 hours the proembryo has a total 
of 28~30 cells (fig. 31). 

At 40-44 hours the embryo proper has formed a flat ball of several hun- 
dred cells, with a short suspensor consisting of 8-12 cells (fig. 32). At about 
60 hours the embryo has attained mature appearance with well developed 
cotyledons, epieotyl, hypocotyl, and root tip (fig. 33), 

BREEDING BEHAVIOR 

The first flowers were observed August 16 on greenhouse-grown plants ; 
this was exactly three months after sowing the seed. Plants have continued 
to come into flower throughout the fall and winter, with approximately one- 
third having flowered by January 1, 1943. During the summer and early fall 
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none of tlie plants that flowered set any seed, unless they were mechanically 
cross-pollinated by rubbing* together heads from different plants. After such 
cross-pollination abundant seed was set, which ripened in about 10 days. The 
greenhouses were screened against insects ; so this behavior indicates a high 
degree of self -sterility. Even when plants were mechanically self -pollinated 
by rubbing two flowers from the same plant together, seeds failed to set. 
Plants of the common apomictie species of dandelion, of course, set seed 
abundantly without any sort of pollination under identical conditions. 

During November and December, however, many T. kok-saghyz plants 
began to set seed without cross-pollination. Some of these heads bore only 
1 or 2 seeds while others bore a fu.ll set of 50-75 seeds. It would appear that 
this is an ^ ^ end-season fertility, induced possibly by temperature, light, or 
age of the plant. It has not yet been possible, however, to show definitely that 
this delayed fertility is due to selfing and not to apomixis ; but it seems highly 
improbable that the latter could be the ease. 

DISCUSSION 

Chromosome numbers of 8 and 2n = l^ place T. kok~saghyz^ 
with six or eight other species, as basic diploids in the genus. The great ma- 
jority of the genus, however, is polyploid. Species with sporophytie chromo- 
some numbers of 24, 32, and 40, representing triploid, tetraploid, and penta- 
ploid forms, respectively, are known. It is of interest that the diploid species, 
including kok-sagliyz, are sexually reproducing, while the polyploids are 
apomictie. This close correlation between polyploidy and apomixis has long 
been noted but is not yet thoroughly understood. As pointed out by Stebbins 
(1941) hybridization and polyploidy may be factors in bringing together 
complementary genes for apomixis and in the production of vigorous sterile 
or partially sterile types in which apomixis would have a very high selective 
value. 

The reproductive process in T. hok-sagliyz is completely normal and 
sexual. On the female side, where sexual reproduction breaks down in apo- 
mictic species, two regular meiotic divisions oceiir to produce a linear tetrad 
of reduced macrospores. There can be no doubt about the occurrence of 
fertilization: all stages, from the entrance of the pollen tube to complete 
union of the male nuclei with egg and endosperm, have been observed. More- 
over, when pollination and fertilization do not occur, there is no development 
of embryo or endosperm. Final proof of the reality of the reduction divisions 
and of fertilization is afforded by actual chromosome counts, in which the 
developing embryo has been shown to be diploid (16 chromosomes) and the 
developing endosperm triploid (24 chromosomes). Presumably the embryo 
would be diploid and the endosperm tetraploid if this species were apomietic. 

These conditions, including ample heterozygosity, low chromosome num- 
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bei^ noriiial sexual reproduction^^ and a high degTee of self -sterility, are 
extremely favorable from the standpoint of breeding and selection experi- 
ments. .With satisfactory methods of assaying the rubber content of indi- 
vidual plants, the breeding of these plants and the selection of strains with 
improved eultural and rubber-producing qualities should be routine for the 
experienced plant breeder. 

SUMMARY 

1. The chromosome number in TaraxacuM holi-saghyz is n = 8 ; 2n = 16, 
placing this species among the basic diploids of the genus. 

2. Maerogametophyte formation follows the usual sexual pattern: The 
maerospore mother cell undergoes two regular meiotic divisions to form a 
linear series of four reduced macrospores, the chalazal one of which usually 
becomes functioiial. As the result of three successive mitotic divisions fol- 
lowed by union of the two polar nuclei and cell wall formation, the classic 
7-celled maerogametophyte is formed. 

3. Thirty minutes after pollination, pollen-tubes are seen to enter the 
maerogametophyte. Fertilization follows the normal pattern : one male nu- 
cleus uniting wdth the egg and the other uniting with the primary endosperm 
nucleus. Supernumerary male nuclei are frequently observed in the embryo 
sac but usually are not functional. 

4. The first division in the endosperm occurs about 6 hours after polli- 
nation, and the first division of the egg follows about one hour later. 

5. Embryonic development follow^’s the aster type, characteristic of the 
eompositae. 

6. Chromosome counts verify the reality of the sexual processes by show- 
ing the developing embryo to be diploid, with 16 ehroniosomes, and the endo- 
sperm to be triploid, with 24 chromosomes. 

7. During the summer T. koJe-saghyz is highly self-sterile but cross- 
fertile. In the late fall and winter it may exhibit considerable end-season 
self-fertility. 

Department gp Genetics, Carnegie Institution op Washington 
Cold Spring Harbor, New York 
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^ TWO NEW SPECIES OF HYPERICUM FROM COLOMBIA 
H. A. Gleason and J. H. Pierce 

In recent Cuatreeasas collections from nortlieastern Colombia the fol- 
lowing' two new species of Hypericiim. were found. They belong to the 
seoimn Brathys, subsection Eiibraihys, which has been previously treated 
by Gleason.^ 

Hypericum garciae Pierce sp. nov. Prutex ramis virgatis vel ereetfs 
inf erne deniidatis ; folia rigida laxe imbricata, anguste lanceolata, 6-7 nun. 
longa, 1.3 mm. lata, punctata,, margine integerrimo revohito, nervo medio 
subtus prominenti, nervis lateralibus nullis; Acres solitarii ad apices 
ramuloruni; sepala ovato-lanceolata, 5.8~6.2 min. longa, 1.5~1.8 mm. lata; 
petala oblique obovata, apiculata, 10 mm. longa ; ovarium ovatum, uniloeu- 
lare, 3-4 mm. longum, septis imllis, placentis 3 parietalibus ; styli 3, e5. 5-5.8 
mm. long'i. 

Cjuatrecasas & Garcia Barriga 9985, eolleeted on the Paramo del 
Almorzadero, Dept, of Santander, in the Cordillera Oriental of Colombia, 
and deposited in the Britton Herbarium of the New York Botanical Garden. 
This species resembles closely E. cliamaemyrtus Tr. & PL but differs in hav- 
ing smaller, more strictly ascending leaves, solitary flowers, smaller petals, 
fewer stamens, shorter styles, and a larger ovary. 

Hypericum cuatrecasii Gleason sp. nov. Prutex ramosus ramis inf erne 
deniidatis bialatis infra foliorum eostam mediani. Laminae subeoriaeeae 
patulae late rotundo-ovatae, usque 7 mm. longae lataeque, aut in raniulis 
tantum 2 mm. longae, ad basim eordato-amplectentes panic coniiatae, 1- 
nerviae, venulis, x^etieulatis vix perspicuis. Pedieelli brevissimi, calyee 
foliis superioribus fere obteeto, Sepala ovato-elliptica obtusa, 5-5.3 mm. 
longa, 3-3.9 mm. lata. Petala asymmetrica 12 mm. longa. Stamina iiiime- 
rosissima (in flore uno 187 nunierata), usque 6.5 mm. longa. Antherae 0.5 
mm. longae. Ovarium late ellipsoideum, 3 mm. longum; styli 3, fere recti, 
erassi, diver gent es, 1.1 mm. longi. 

Type, Ctiairecasas 10439, collected on the Paramo de Areabuco between 
Arcabueo and Tunja, Boyaca, Cordillera Oriental, Colombia, and deposited 
in the Britton Herbarium of the New York Botanical Garden. The eordate- 
elasping leaves, the large number of stamens, and the very short styles set 
E, cimtrecasn a.p‘dTt as unique among the species of the subsection 
known from South America. 

The New York Botanical Garden 

New York „■ . 

1 Bull. Tom\y Club 56: 100-107. 1929; Torreya 29: 137. 1929. 
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THE METAPHASE STAGE IN COLCHICINIZED, 

ONION ROOT~TIPS V 

Michael Levine AND Sidney Gelber 

Tlie letlial effects of X-ray and radium emanations on neoplasti(.i tissues 
are in a large measure dependent upon the stage of development of tlie <'om- 
ponent cells. The dividing* cell, it seems, is more vulnerable to tliese pliysical 
agents than the resting ones. The neoplavsia of animals present many diffi- 
culties to the radium or X-ray therapeutist because of the great variations 
in the number of dividing cells in such tissues. Arresting cell division in the 
metaphase stage in neoplastic tissue of animals by the application ot t'ol- 
ehieine has revealed no constancy in the number of dividing cells, for in the 
individual tumor DuBilier and Warren (1941) have shown that tlie maxi- 
mum effect of colchicine on the Browii-Pearce imbbit epithelioma is attaiiied 
in 6 hours with a single dose (0.1 mg. per 100 gm. body wt.) ; with repeated 
doses the colchicine attains its maximum effect at 12 hours. These results 
apply to an average for a given dose, yet the response of the individual tumor 
varies greatly. The results are so variable that these authors believe that a 
trial of the effect of colchicine and roentgen therapy is impracticable. Tins 
is readily understood, for in transplantable tumors the rate of growth may 
vary with the transplant, the host, and other factors still unknown. 

The ready availability of dividing onion root-tip cells and the ease with 
which this tissue may be observed has led us to the study of the effect of 
X-ray on this tissue affhcted by eolchieine. The arrest of the mitotic changes 
in metaphase exposes the cells at a stage when X-rays are supposed 
by many to be most effective in destroying them. It accordingly became neces- 
sary to determine at what time after treatment colehicine-treated on ion i-oots 
present the greatest number of dividing cells in metaphase. 

The following is a report on the number of cells in metaphase stage found 
in the root tips of Allium var. Yellowi Globe, after exposure to .01 per 
cent colchicine solution. The regularity with which the root-tips of the onions 
hypertrophied after treatment with the solution of colchicine used seemed 
to indicate that the maximum changes occurred in about 48 hours. 
Cytological preparations of this tissue showed however, that the largest 
number of dividing cells were to be found at much shorter exposures. A 
systematic study was made of root tips exposed to a uniform solution of 
eolchieine (.01 per cent) from 6 hours to 6 days. The number of resting 
cells and cells in the metaphase stage w^as counted in four root-tips selected 
at random after each of the following periods of exposure : 6, 9, 12, 24, 36, 
48, 72, 96, 120, and 140 hours. 

475 , 
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Tlie effect of colcliieine as it is now well established, is to arrest the 
mitotic division in the metaphase stage. While it was first thought that 
eolehicin^ increased the number of division stages, Liidford (1936) showed 
tlmt it arrested the cell in its metaphase division stage so that the number 
of dividing cells appeared to increase. 

Lndford showed that .00001 per cent solution is effective on mitosis in 
some animal tissue. Levan (1938) studied the effects of various eoneentra- 
tions of eolchicine at time varying from 7 minutes to 72 hours after the 
treatment. Concentration of .0055 per cent, he believed, was sufficient to 
cause disturbance of the spindle figure. Levine and Lein (1941) showed 
that a .001 per cent solution of colchicine was sufficient to arrest the elonga- 
tion of roots of the onion. Levan further observed that the threshold value 
for affecting mitosis in roots of Allium cepa with colchicine lies between 
.005 per cent and .01 per cent solutions after an exposure of 4 hours. We 
selected the larger dose (.01 per cent solution) for our studies. 

METHODS AND MATERIALS 

The onions were drawn from regular shipments made to this institution 
for dietary purposes. These were selected from large numbers for uniformity 
of size, weight, shape, and color; the genetic eonstitution of the species was 
unknown. 

The resting bulbs were placed on top of cylindrical vessels of 240 cc. 
capacity, filled with cool fresh water daily, so that the root end of each bulb 
was constantly immersed. The vessels were coated on the outer surface with 
a dense opacpie material so as to exclude light. The bulbs were permitted 
to rest in water until a sufficient number of roots had been formed. After 
a period of from 7 to 10 days bulbs with a fair number of roots (15-20) were 
transferred to similar vessels filled with a .01 per cent aqueous solution 
of colchicine. These bulbs were labeled and placed in a moderately cool part 
of the laboratory with constantly subdued light. To obtain as much diversity 
in cell counts as possible, roots from four different bulbs were used in each 
test. The onions used were divided into four series each comprisiiig from 12 
to 20 bulbs. The root-tips were examined first after exposure to the eolehieine 
solution for 6-, 24-, and 48-hour periods. Three additionah groups of onions 
with many controls were selected from those exposed 9, 12, 36, 72, 96, 120, 
and 140 hours to the colchicine treatment. These were studied in the fol- 
lowing order : 36, 120, and 140 hours of exposure, 9, 72, and 96 hours of 
exposure, and 12 hours of exposure. 

After a given exposiire to the eolehieine was. made, the root-tips from 
each onion were fixed according to Warinke's (1935) method; although 
fixation for greater periods than those suggested by Warmke was found 
necessary for root-tips exposed for long intervals. The root-tips were 
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stained in aeeto-carmine and elilorazol black E, as described by Nebel 
(1940). The latter dye intensifies the stains and makes the cell- and chromo- 
some-count more reliable. More than 4000 cells were counted in each series 
after exposure to coleiiieine for a given time, and tlie percentage of celk 
ill metapliase stage was calculated. Control bulbs were grown in water at the 
same time for from 7 to 15 days, but not exposed to colchicine; the water 
was changed daily. The roots of these bulbs were fixed and smeared in the 
same way. More than 4000 cells were counted from this group. 

CELL COUNTS IN UNTREATED BULBS 

The untreated roots were a bright and glistening white. The cells of four 
were counted; of 4112 cells there were 3963 in resting or prophase stages 
and 149 in metaphase, 3.6 per cent of the total counted (Table 1). Three of 
the counted root-tips contained an approximately equal number of cells in 
metaphase stage. One root contained 58, an extreme divergence from the 
average. This may indicate the selection of a shorter, younger root, although 
the effort has been made to select for the count roots of equal length. The 
extreme percentages are represented in the graph (fig. 1) by broken lines, 
while the black line represents the average percentages of metaphase stages 
based on the figures given in the accompanying table. 

CELL COUNTS IN TREATED BULBS 

In table 1, the counts have been made from bulbs exposed to .01 
per eenf colchicine for 6, 9, 12, 24, 36, 48, 72, 96, 120, and 140 hours. During 
long exposures the colchicine solutions were not changed but fresh solution 
was added as required. The tips were removed, fixed, and smeared by the 
methods mentioned above. The cells in resting and metaphase stages were 
counted. Koot-tips exposed to .01 per cent colchicine for 6 hours have a uni- 
form number of metaphase stages, all but root 3F which has only 55 cells in 
metaphase stages against 73 in the other roots recorded (see table 1). The 
average percentage (6.7) of cells in the metaphase stage has almost doubled 
as a result of the exposure. At any time after exposure the departures from 
the average are approximately equal, as shown by fig. 1. In the 9-hoiir series, 
4320 cells were counted, of which 405 were in metaphase, 9.38 per cent 
of the total cells counted. The variation in the number of cells in metaphase 
is small. The tendency to an increase of the number of metaphases is now 
apparentj as shown in table 1. This tendency became obvious when the 
counts for the different periods of exposures were arranged chronologically. 
Among roots exposed for 12 hours, the difference between roots 2T and 5T 
is 35 cells in metaphase * approximately equal to the clifference between ex- 
tremes in the untreated roots. The number of metaphase stages in this series 
totals 490 in 4195 cells counted (11.6 per cent) as against 405 in 4320 cells 
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TABLE 1. Nimiher of cells in 
with .01 ^er cent colchicine 


bulletin op the tokkey club 

metaphase in nntreated roots and 


[VoL. 70 
in roots treated 


Exposure 


None 


6 lionrs 


9 hours 


12 liours 


24 hours 


36 hours 


48 hours 


72 hours 


96 hours 


120 hours 


140 hours 


Koot 


IB 

2B 

3B 


2E 

3F 

4E 

5E 


2H 

3H 

5H 

6H. 


2T 

3T 

4T 

5T 


IE 

2E 

3E 

4E 


5X 

6X 

9X 

lOX 


2C 

30 

40 

60 


6Z 

7Z 

8Z 

lOZ 


Oells counted 


Cells in 
metaphase 


1026 

1017 

1043 

1026 

4112 

1016 

1026 

1019 

1021 

4082 

1109 

1036 

1143 

1032 

4320 

1149 

1031 

1011 

1044 

4195 

1034 

1232 

1022 

1010 

4298 

1210 

1170 

1045 

1041 

4466 

1057 

1097 

1002 

1026 

4182 

1109 

1062 

1117 

1123 

4411 


3V 

1110 

4V 

1053 

5V 

1039 

7V 

1084 

4286 

2Q 

1195 

5Q 

1028 

6Q 

1050 

7Q 

1235 

4508 

3L 

1125 

5L 

1023 

6L 

1034 

8L 

1081 


26 

34 

58 

31 

149 

73 

55 

71 

76 

275 

107 
105 

96 

97 
405 
143 
116 
123 

108 
490 
156 
204 
156 
121 
637 
101 
104 
102 
116 
423 

85 

96 

75 

80 

336 

60 

61 

84 

70 

275 

39 

23 

45 

53 

160 




33 

28 

55 

162 

33 

24 

53 

16 

125 


Per cent cells 
in metaphase 


2.53 

3.34 
5.56 
3.02 
3.62 
7.18 
5.36 
6.96 

7.44 
6^ ■ 
9.64 

10.13 

8.39 

9.39 
9.38 

12.44 
11.25 
12.16 

1 0.34 
11.68 
15.08 
16.55 

15.45 
1 1.98 
14.88 

8.34 

8.88 

9.76 

1 1.14 

9.47 
8.04 
8.75 

7.48 

8.03 

5.40 

,5.74: 

7.52 

6.^ 

6.23 

'3.51' 

2.18 

4.33 

4.88 

3.73 

3.84 

2.99 

2.66 

.. 4.45 

3.59 

2.93 

2.34 

5.12 

1.38 

2.93 
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counted (9.3 per cent) after the 9-lioiir treatment and 275 in 4082 cells 
counted (6.7 per cent) after the 6-hour treatment. It appears that some 
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Namier kours tKfosute, ko co/cklcinc solufiph. 

Fig. 1. Tile percentages of cells in metapiiase in tlae root tips of Allinm cepa ; untreated 
and exposed to a solution of .01 per cent colcliicine for from 6 to 140 hours. Middle line 
indicates average percentage; upper broken line indicates maximum percentage; lower 
broken line indicates minimum percentage. 

roots attain the maximum number of metaphase stages after this exposure, 
as root 2T. 
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Of a total of 4298 cells counted in root-tips exposed for 24 hours to the 
same concentration of colchicine 637 cells were found in metaphase. This 
is an iin^rease of 11.2 per cent metaphases over the number counted in the 
untreated root-tips and an increase of 3.2 per cent over the 12-hour-treated 
root tips. The 24-hour exposure seems to yield the maximum effect with .01 
per cent solution of colchicine. From a study of figure 1 it is clear that the 
greatest extremes, in the number of metaphases also occur here. It appears 
that it represents for some roots the critical exposure, for in the following 
treatments a definite decrease in the number of metaphase stages is met, as 
shown by table 1. After the 36-hour exposure there are fewer metaphases ; 
from 637 of 4298 cells for the 24-hour period to 423 of 4466 cells (9.4 per 
cent) . The extremes are represented by 101 metaphases in 1210 cells counted 
in root 5X and 116 metaphases in 1041 cells counted in root lOX, a difference 
of 2.8 per cent. In this series the results may be interpreted as a toxic effect 
on cells in the resting stages. Some of the cells in the metaphase stage may 
have completed their nuclear reconstruction, or some may have degenerated. 

In root-tips exposed for 48 hours to .01 per cent colchicine there are still 
fewer metaphases than in those exposed for 36 hours. The continued 
exposures observed after 72, 96, 120, and 140 hours showed a gradual decline 
in the percentage of cells in metaphase, until in the latter exposures we have 
an average percentage of metaphases slightly lower than that of the un- 
treated roots (see graph). From the 96-hour to the 140-hour exposures the 
differences between extremes are approximately uniform; especially is this 
noted in the 120-hour-treated roots. The number of metaphases counted in 
roots exposed for 96 and 120 hours are 160 and ^162, respectively, from 
counts of 4286 cells in the 96-hour exposure and 4508 cells in the 120-hour 
series. In the roots exposed for 140 hours the number of cells in mitosis is 
125 in 4263 cells counted. The average percentage for the 140-hour period is 
2.9, which is slightly lower than that observed for the untreated roots. 

It appears from these studies that colchicine in a given concentration 
for a given period up to and including 24 hours increases the number of 
metaphase stages in the root-tips of the onion. The variations in individual 
responses for a given solution and a given period are approximately from 
1 per cent to 3 per cent of the average for all the series. 

It is clear that in these experiments .01 per cent colchicine has an 
inhibiting effect on the development of the prophase stage after the 24th 
hour. The extreme variation as shown in the graph indicates the beginning 
of the toxic effects exeided by the eolchieine. This may be expressed in the 
increased toxic influence of the eolchioine or the inability of the eolchieine 
to keep the dividing cells in metaphase any longer. Both conditions seem to 
prevail. The eolchicinized cells “begin to degenerate ; comparatively large 
lobulate nuclei are formed. In a subs^^uefit report effects of a study of 900- 
3000 roentgen ray units on eolchicini2ie^,;ri:^bt^ tips will be given. 
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summary 

1. Onion root-tips grown in water for 10-15 clays contain an average of 

3.6 per cent cells in metaphase stage. » 

2. Koots exposed to .01 per cent colchicine from 6 to 24 honrs contain a 
gradually increasing percentage of cells in metaphase which reaches the 
maximum at 24 hours. 

3. Continued exposure for longer than 24 hours shows a gradual decline 
in the number of mitotic stages to a point slightly below the figure observed 
for the untreated root-tips. 

4. The diiferences between extremes in the number of metaphase stages 
in untreated and in all colchieinized root-tips are approximately the same 
except at the critical exposures, shown here to be 24 hours with .01 per cent 
eolchieine, where the variation is the greatest. 

5. The number of metaphases in the eolchicinized root-tips is predictable 
within the limits of variation of the 24-hour treatment as given here. 

6. It appears that simple plant structures like the onion root-tip are 
suitable for the initial studies of the combined effects of colchicine and 
x-rays.' 

Laboratory Divlsion, Montepiore Hospital 
New York 
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, differentiation IN RED root-tips OF 

f PHALARIS arundinacea 

Robert Bloch 

Molisch" described the interesting occurrence of red root-tips in a number 

“1.*. fr'T.:;/rr xr 

rX aXoXin in .ir,on„ges. part of the .n.rM™ .nd in the root- 
n L„+ farther histological details were given. 

“’’dS tX rt eXping roota of vapiona genena of amallWed 
o,,X Sie Xor noted f~inent occnrrene. of a red coloration ... poot-t.p 

grasps the antno pp. ^\^ere grown on damp lens paper in moist 

oiPhalam arurmmoea. ine seeas av t, meristems 

cbnmbers with the new technique^ for observation of living plant met istems 

at siiceessive intervals. In the present study seeds were germinated eithei in 
light or^in darkness, and red root-tips made their appearance after approxi- 

“ KL‘o“optlnv.stigation of the lifing root shon-ed that the ontifY'”; 
^itematic area as well as the cells of the root-cap were intensely coloied. Ihe 
Sbntion of the pigment waa always -oeiated with a deirne pro.opla™.c 
condition in the cells, but as the cells begin to vacuolate, at a dista,nce 
X SUo micra from the apea. the coloration becomes less co..sp.cn.us_ 
At ttelaXeU division in the basal portion of the menstem, two typ« of 
fell »e Mt apart in the surface of the root, they arc tr.choblasts which 
later develop root-hairs, and ordinary surface cells winch remain hair ess. 
Tn FkaUris arundinacea these two cell types roughly alternate, 
sionally several hairless cells may occur in direct succession. lii^Joblas 
Hid hairless cells can first be distinguished by slight differences in the late 
of io.gntudinal expansion (lower in the trichoYot). b,.‘ “ *>■.“ fhcTerth 
dissimilarity is made much more conspicuous by a difference i . 
of color the triehoblast not only remaining more densely protoplasmic, u 
also more intensely colored; this condition often persists until the root-han 
cell has reached considerable length (fig. 1) - Even later_ some Pi^^^^^tatioi 
was frequently noted still associated with the aggregation of 
the base or the tip of the growing root-hair, which develops eithei at the 
apical end of the cell or somewhat more toward its middle. Ihe much iiioi 
vLfidly expanding and finally considerably longer hairless cells, on the other 

MoUsc1i,'h. Bote Wbu'zelfspitzen. Ber..J>?Tiia.Bot. Ges. 46: p 

Sinnott, E. W. Gi-owtli and difflerentiatlpn m- living f “ ’ , , ■ " 

Sinnott, E. W, & Blo€li, R. Changes in intercellulai ^ 

of living: ^iant tissues. Am. Jour. Bo t. 26: 




1943] 


183 


BLOCH : RED ROOT-TIPS 

hand, lose their dense cytoplasmic condition and their pigmentation at a 
much earlier stage (fig. 1). 

The differences in the degree of pigmentation are obviously an expression 
of physiological, metabolic differences between trichoblasts and hairless eel’s 
in the transition zone located between the terminal meristem and the vacuo- 
late, mature region of the root. The natural red pigmentation may serve as a 
tool in distinguishing without difficulty at a very early stage of differentia- 
tion the two types of cells in a living, undisturbed condition; it is equally of 
assistance in following their development in the region of vacuolation and 
maturation, and it makes it especially easy to identify the same cells when 
repeated observations of the same root tips are made. 



:ifcLZ=i====C 

Fig. 1. Fhalaris ariindinacea. Surface of living root, showing unequal growth and the 
progressive loss of coloration in naturally pigmented trichoblasts (darker) and alternat- 
ing hairless cells (lighter), in zones of beginning vacuolation (aliove) and maturity 
(below), X 250. 

Generally the central portion of the densely protoplasmic cells appears 
lighter colored, indicating the position of the colorless nucleus. The color- 
giving pigment is apparently distributed in small vacuoles throughout dense 
aggregates of cytoplasm and becomes less conspicuous as general vacuola- 
tion proceeds in the cells ; the color fades out first in the rapidly expanding 
hairless cells. The metabolically much more active trichoblasts retain much 
longer a considerable amount of cytoplasm and pigment, though these also 
progressively diminish. It follows that a trichoblast compared with an even 
younger hairless cell which has the same size may show a denser cytoplasmic 
content and a deeper pigmentation. 

It w^as noted that in injured roots the coloration in the cytoplasm becomes 
at first more intense <as a result of necrobiotic ehainges. As degeneration pro- 
ceeds, how^ever, the color is frequently taken up by the nucleus, wdiich then 
turns darkish red. 

Osborn Botanical Laboratory ' • y) . 

Yale University ■. t U'' 
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RURTHER EXPERIMENTS ON THE NUTRITION OF 
ISOLATED TOMATO ROOTS^ 


James Bonner 


INTRODUCTION 

The exact accessory growth substance requirements of isolated tomato 
roots are at present in dispute. It is agreed by all the workers in the field that 
thiamine or a constituent portion or portions thereof are required. Eobbins 
and Schmidt (1939 a, b) and Robbins (1941) have shown further that 
pyridoxine exerts a powerful growth-promoting* influence on the growth 
of the isolated tomato root, a conclusion confirmed by Bonner and Devirian 
(1939), Bonner (1940), and Day (1941). White (1940) finds however that 
isolated tomato roots are not affected in their growth by pyridoxine but do 
respond to glycine (1939, 1940). Bonner and Devirian (1939) and Bonner 
(1940) could not establish any important effect of glycine but did find that 
in the presence of adequate amounts of thiamine and pyridoxine isolated 
tomato roots responded with increased growth to the addition of nicotinic 
acid. Neither Robbins and Schmidt (1939b) nor White (1940) confirmed 
this activity of nicotinic acid. Robbins (1941) has however later shown that 
different strains of isolated tomato roots vary greatly in their resi)onse to 
nicotinic acid, some responding vigorously and some responding little. The 
present work confirms Robbins and shows that closely related clones vary in 
their responses to nicotinic acid. In addition the responses of four clones of 
tomato roots to glycine are here reported. 


METHODS 

Each of the clones of isolated tomato roots discussed below was derived 
from an individual seed of Lyoopersicon c.sr/iderif'um, var. ^'San Jose Can- 
iier.’^ The seeds were disinfected in 0.1 per cent TIgCL, and laid out to ger- 
minate in aseptic Petri dishes. When the seedling roots had attained a length 
of 2-3 cm. the terminal 10 mm. of root was removed and cultivated in 10 cm. 
Petri dishes containing 25 cc. of nutrient solution. The nutrient solution 
contained per liter of Pyrex-redistilled water: 236 mgs. Ca(No;02 ' JHsO, 
36 mgs. MgS04 ■ TH^O, 81 mgs. KNO3, 65 mgs. KCl, 20 mgs. KH2PO4, 1-5 
mgs. ferric tartrate, and 20 gms. sucrose, with 0.1 mgs. thiamine, 0.5 mgs. 
nicotinic acid, and 0.1 mgs. pyridoxine as addenda. During the course of the 
experiments numerous trials w'ere made an effort to improve the consti- 

1 Report of work clone witli the assistance ofdhe W0i:k Projects Administration 0 . P. 
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tution of the basic nutrient solution but no alteration of the amount of any 
chemical resulted in significant increase of root growth. Glycine where used 
w^as added at the rate of 3 mgs. per liter as recommended by Wliife (1939, 
1940) . The roots were incubated in the dark at 25"^ C for one week and ive^e 
then subcultured by removal of 1 cm. branch root-tips to fresh medium. 
This procedure of subculture and transfer was used in each subsequent 
transfer, which occurred at regular weekly intervals. At the end of each 
transfer period, the growth in length of the principal axis of each root ivas 
measured. The growth measurements presented below are averages of such 
measurements. 

During the prosecution of this work, no piece of glasswure which came 
in contact with a solution other than distilled water was used a second time 
without an intervening cleaning in sulfuric acid-potassium dichromate 
cleaning solution followed by seven or more rinsings in tap and distilled 
water, a precaution which has been observed in this laboratory since the 
initiation of isolated root cultiire wurk. 

OBSERVATIONS, 

Uniformity of Material. Two hundred branch root-tips, randomly 
divided into 10 lots of 20 tips each, were used as the innocula for most of the 
experiments recorded below. Table 1 shows the degree of uniformity attained 
ill a typical dummy experiment of this kind. Of the 20 initial tips, from 18 to 
20 grew in the various groups. With respect to growth in length, the average 
deviation of the group means from the average of the group means w^as 3.8 
per cent. Treatment of the data by the analysis of variance shows that the 
groups are homogeneous and do not differ significantly among themselves. 
The best estimate of the standard error of one group mean of 20 is 2.72 and 
correspondingly a minimum difference of about 20 per cent between two 

TABLE-1- 

Uniformity trial with 200 one cm. branch root tips of isolated tomato roots (Clone W). 

Figures represent growth of principal root axis in mm. in 7 days 


Number of 
tips used 


Number of 
tips which 
grew 


Av. growth 


Std. error of 
av. growth 
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group iiioiii.stjf 20 to Ik* sigiiifi«-;uit iit lit.- 1 pt-i- coiit Icvi*!. 

The work reported here is based on a series of 48 experiments i-vm'rail.v 

similar in plan to that given in table 1. 

r Response to Various Growth Substances. In these experiments roots 
were enitivated Tor one week in nutrient, solutions eonlaiuiug \arious 
addenda. The roots wi>re then snbenltnred and eiiltivateti for a second week- 
in similar nutrient. Table 2 gives data on the grtnvtii, in tins se.-oiul iransfer. 

TABl.t; ‘J 

of dlffi rrnl eloiu s of isoktfril fomaUi rooi,s: to n nf huno, id KoinlioitH 


g\{l(l(‘(l growth 

VUnio X 

( *lom 

> M 

i Oorie^ 

'\V 

.siihstniiees 




idJ! 

r;-i; 



Urowt h in mm, pe 

r root I'ler ivi‘i*k 


None 

0.0 

0.0 

0.0 

■(■GO 

I'GO ■ 

B, alone 

<U) 

0,0 ■ ■■ 

.0.0 

IGII ■ 

M.n 

P>, -h H, 

B. -i- nieotinie aeid 

ai.:^ + i.ns 

ai.a 1 2.83 

30.9 ±2,37 

40,4 ± 2.79' 

4!(.H + 2..'i5 

■■rB« 

:i4,i + 1.00 

40.3 + 1.1Wa 

38,8 + 2,34*^ ■ 

44.;! + 

40.8 + 1.9 1 

GUveine alone 

0.«l 

0.0 

0,0 

0.31 

il.O 


a-ij 

u-dm 




None 

(GO 

0.0 


.0.0 

0.0 

Bi alone 

0.0 

0.0 

. . (.Git 

0,0 

<G0 

B, + B, 

Bi + nieotinie aeid 

4S.4± 1.02 

30,0 ± . 1,28 . 

28.2 ± 1 .94 

10,2 ± 2.22 

4IG4 ± 2.24 

T I'b 

.10.0 + BIS 

30.3 i 2.00i‘ 

37,2±b31« 

5(G0 ± 2.2H 

4(10 + 2.13 

Bi + glycine 

0.(} 

2.1 '± 0.39 

(GO 

IMI 

0J''l 

« Increase in 

growth rate 

a,Hsotdat4*d with 

nieotinie aei«i Hignitieanl ut 1 

%> lev(4. 

.Tnerease in gnevth rate 

a.SHocdated with iiieotirdc aeid Mignitieant at a 

linmh 


of three different cloHes in six different nuirient Hoiutioiis. In lut ease was 
a})preeiahle growth obtained in basie nutrient solution alone, in basie 
nutrient solution plus thiainiius or in Imsie nutrient solution plus ^'lyeine, 
Tn one experiment a slight response to thiamine |>lus liiyeim^ was olUained, 
bnt this could not be repeated in other experiments with the sann‘ tdone. In 
every experiment thiamitie plus ])yridoxine supported yoHu! fjrowtli, whereas 
thiamine plus gdyeine elicited little or no growtli. With these oUnws then, 
and with four additional (dones of **San Jose (burner’’ roots r<n* whitdi <le- 
tailed, data will not be given, glycine does not appear (m|)ahle of replaeing 
pyridoxine, a conclusion in general agreement with tliat of Rolibins. In 
other experiments, the influence of glycine in the presence of varied tiuatnim^ 
eoneeiitrations was investigated. In no case was response to glycine found. 

Of the clones used in the experiments of table 2 only chuic II responde<l 
significantly to tlic addition of nieotinie acid. This tliffereiu'c betweiui the 
behavior of clone H and the other two clones (A and W ) lias been e4)idirmed 
in 7 further experiments and it seems logical to concludt^ tlmt individual 
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clones vaiy in their response to nicotinic acid. This conclusion is again in 
agreement with that of Bobbins (1941). 

One-Month Transfer Periods. The cultural conditions used" by the 
present author dilfer in numerous ways from those used by Bobbins and by 
White. Petri dishes rather than Erlenmeyer flasks are used as culture ves- 
sels and transfer periods of one week, following White, are used rather than 
the 1-2-month transfer periods used by Robbins. In one series of experiments 
therefore, tomato roots were grown in 125 cc. Erlenmeyer flasks, 50 cc. of 
nutrient per flask. The flasks were inoculated with basal fragments of vigor- 
ous roots and incubated in diffuse light for one month. These roots were then 
subeultured and incubated for a second month in fresh medium, after which 
the procedure was repeated for a third time. After each transfer dry-weight 
measurements (as used by Bobbins) were made as well as linear growth mea- 
surements. Twenty roots of clone H (table 2) were measured and weighed 
in each treatment given in table 3, which presents data from the third 


TABLE 3 

Groivth of roofs of cions H in Erlejinieyer flasl's during a transfer period of 1 month. 
Each mean is based on twe7ity roots 


Growth sulistanees in luitrient; None 

Thiamine 

Thiamine + 
pyridoxine 

Thiamine + 
pyridoxine + 
nicotinic acid 

Av. growth mm. per root 0.0 

Av. dry wt. per root; mgs. 0.0 

5.2 4-2.45 
0.18+ .09 

22 -f 5.75 
2.0+0.48 

58 + 2.34 

7,3 ±0.28 


monthly traiLsf er. It is apparent that with this clone growth responses both 
to pyridoxine and to nicotinic acid were obtained under these conditions 
and that these responses were qualitatively similar to those obtained in Petri 
dish culture with one- week transfer periods. The responses are evident from 
the dry-weight measurements as well as from the linear measurements. 

Small but definite ^^rowth in solutions containing thiamine as the sole 
added growth substance was observed in all three passages of this experi- 
ment. It appears quite possible that the same slow growth takes place in 
thiamine cultiires of the present clones when these clones are transferred 
weekly but that owing to the small increments such growth can be detected 
only wdth difficulty. 

Clone of P. R. White. Through the courtesy of Dr. P. R. White, samples 
of the standard White clone of isolated tomatp^oots were obtained on two 
occasions. In a typical experiment with this clone, of 44 roots maintained in 
thiamii:K^---g]ycine medium all ceased growth within 3 transfers. Of 14 roots 
maintained in thiamine---nieotinic aeid-pyridoxine medium all grew satis- 
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factoi'ily and ina(U‘ an avei*a,u‘e iiunTmeiit cif :}2 inni. i^rv runt pnr wi-rk. It 
would appear that the Wlilte done under the euntlitiu]i> iisfd ip- iht^ present 
author earn lol he luainlained in a nutrient uu'dlinu. 

The present work was niniertakeii in an ellort li.) find, aiis\\'ei*s to two 
(piestions: (1.) Tlie reason for the disereptiney in the rt'snlts th‘ Ihhiinn^ and 
those of Bonner as to the eflkad iveness of nieolinir arid as a u'nuvtli suhsianee 
for isolated tomato roots; and (2.) the reasim for tfie diserepaiiev iMUweeu 
the results of Bobbins and Ihmner on the one hand anti these i*f White on 
the other as to tJie effeidivem^ss of pyridoKine and .uiytdue as piaiwtii sni)- 
stances for isolated tomato roots* As to nieotinie arid, it has imw hemt sfunvii 
both by Kobbins and in tb{‘ t)!*esent paper that resp<Hist‘ tt^ nit'otinir utdd (in 
the presenee of thiamine and [>yridoxme) is a prcjperty wliirh varirs witli 
different elones or strains of is(>lated toniat(» nnUs. Smnr strains ri\spi)nd 
while others do not. Although the eidtural eondiliuns and lla* cu'iferia of 
growth used in the two ]ai)oratorieK are different, still respunst* to niiaUinie 
acid can be determined, with suitable strains, in hnth lahuraltu'ies. With 
regard to glyeine, howevei*. it does not st‘em prohalde that the diffVnait 
results obtained are due to metabolic diffureinn's in the (*hmes nsrd. Of 14 
clones of isolated tomato roots whicdi ha\'e been iinarstigati^d liy the |>resent 
author, not one has been found in which glycine is able tn n^plart* pyrixudine, 
or in which glycim‘ has yet h(»en found to have any imp^niant gi-nwth effe<'t. 
It would seem more probable that the effect of glyidnt* is <4Uainrd under 
conditions peculiar to some laboratories and not found in utiim* laburaturies. 
Thus White (1940) fouiul that Kobbins’ standard elontx w!u*n urown in 
Whitens laboratory, failed to respond to pyri<loxim\ fmt diil n*sp(MH! to 
glycine although to a lesser extent tlian the Whitt* stamiani tdcan*. Whitt* s 
standard clone as grown in this labtnuttnw failed ttj n*sp<aHl in glyt^ine in 
the presenee of thiamine but did makt* satisfactory grtjwtii in thiandne- 
pyridoxine-nicotinie acid nutrient medium. It shotdd In* retailled also that 
White (1939) has found that sunflower roots make ctmlinueti luxuriant 
growth in thiamine-glycine medium. In this bdxnulcnw sunflnw«*r rtmts wt^re 
found to respond primarily to thianiim* anti f>yridoxine (1940). 

B'UMMAEY 

1. Of three clones of isolated tomato roots re[)orted in tin* presmii [)aper, 
all were found to grow luxuriatitly through repeattnl transfers in nufritmt 
solution containing thiamine and pyridoxine as accessory growth substances. 
None of the strains made continued growth in nutrient stdntion t'otitaining 
thiamine and glycine as accessory growth substances. 

2. Of the three elones, one responded with incrcastal grtuvth wlum nico- 
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tinic acid Avas added to tlie medium in addition to thiamine and pyridoxine. 
The other two clones did not respond to nicotinic acid. 

California Institute OP Technology ^ 

Pasadena, California , , ^ 
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THE RELATION OF CERTAIN FUNGI TO THIAMINE 

'WlIiLIAM J. ANI.> liOBKIlTA 3I.A 

Tlie dhvmevy that (‘ertaiii fuBp’i, iiu*<i|>afih* al on n hnsnl 

mediiiin, (lavol()])iHl whan traaes nf thiamine were athlad was iullowtal hy 
the observation that tht‘ .iiTowtii-sniistanee ilefieienay of sonn* of thmn (*onhl 
be satisfied by siibstitut iiiB* fhr thiamine its pyrimidim‘ and tltiazole inter- 
mediates,’ This observation was inter|)reted in l\V(» ways. 

On the one iiand, it was assnmed Unit thiamine was essmit ial ioi" nil rmiB'i. 
Some Avere autotropliie as far as tiiis vitamin was eonoi*rm*d and synthesized 
it from elementary foods and minerals. Others wert* immpabln of this s\’n- 
thesis and suffer<al from a tldainintv defadeney wldadi neoessitattsl a supply 
of this vitamin in the nutrient medium. TImse lieloimmm' to the .u’r‘oup whieli 
grew in the presenee of one or botli interniediates were ('onsid(‘r<Hl (oipabh* 
of synthesizing the essential tliiamine from its intermediates ami some of 
them Avere believed tnipahh^ of making one of the internuMliatt^s as well. Iioh- 
bins and Kavanagli (lb) and Robbins (15) |H*esentt‘d iIhn point td* view. 

Other iavestigat{)rs, however, were inelined to belitna^ that thiaMiiin* as 
such w^as not effective but owed its activity to some imlirecd action or to its 
intermediate's. Heiiopfer ami Jung (11) eoiieluded that tlH*mdion of tiiiainine 
on Plnjcornifccs was indirtad; its presema* was ronsidered imlispensabh* for 
the synthesis by the futigus of factors peculiar to it. Stdiopfer ami Jung (12) 
iuclined toward the id(»a that Pltyeomifces split the thiamiuf* moievnh* into 
its intermediates and used these for different |)ui*pos(‘s. AHiller and StdiOj)fer 
(J) believed that M. ramaKnidnu^ probably split tla* thiamin** moleruh* and 
utilized the thiazole portion. Sehopfer (6) in studying the thiamine dtdi<dem 
cies of Rodoiorula sj). eomdnded tliat these cn'gaidisjus split the thiamine 
molecule, thus liberating the tiiiazole or tlie pyrimidim* whit'h tlnw rt*quired. 
Scliopfer (7) admitted as a hypothesis that thiamine might l>e syntfussized 
by fungi from its ('onstituents hut eonsidered that tin* situatiim may vaiy 
with the organism. 

The discovery that various species of PlnjUiphtlu^rn m‘t*<led moletudar 
thiamine and failed to grow when furnished the iidertnediah^s, itiadc pos- 
sible a bioassay for thiamhie (13, 1,4). I^y etnploying Pluftophiliora vinua- 
momi as a test organism Pmnner and Buchman (2j deiiionst raltMl tin* syn- 
thesis by Phycomyces of thiamine from its intermediates. l>y using the same 
method of assay Schopfer (8) confirmed this observation <uid showed that 

1 Tlio terms pyrimidine and ttilazole m iiHcd here refer to 2 methyl .o-lo'omo nndhyla)' 
nmiuopyvlmidme and 4-niethyl-r>-f5diy(iroxyethy} thiazole reaper tivtdy.' Idn-st- are the'two 
Intermediates of thiamine. 


T OB H E Y B i> r A y I A h E h tr p 
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Khodotoriihi rubra ^‘rown, on pyriinidine alone and llitcor ramminiamis 
grown on thiazole alont^ also synthesized thiamine. Schopfer and Blumer (9) 
showed that Sch iio})!) jjihaii commune^ which requires pyriinidine oply as a 
snpplenieiit, fonned thiamine in such a medium. From these reports, and 
those of others, it apfiears [irobable that the first of the interpretations pre- 
sented above on tlie relation of fungi to tliiamine is the more nearly correct. 

In surveying the relation of species of Ceratostomella and other fungi to 
vitamins, several u’ere found to suffer from thiamine deficiencies (18, 19, 
20). It a])pear*ed ivorth while to determine for the members of this group the 
kind of thiamine defitn’ency com'erned, and in view of the earlier differences 
in opinion to learn also wlndher thiamine or a physiologically equivalent 
substance was prodiKTul by those capable of growing on media supplemented 
by one or both interiuediates. 

METHODS AND MATERIALS 

Tlie fungi investigated were Ceratostomella finihriatay C. ips No. 255, 
r. micros para No. C 109, C, montmni No. 0 424, C. ohseura No. 0104, 
C. penicillaia No. 0 110, C. piceaperda No. 240, C. pirn No. 416, (L No. 
512, (\ radicicola No. 1> 261, C. sfenoeeras No. 107, Ceratostomella from the 
London ])lane tr<*e (/7vP), Chalaropsis thielavioides No. C 1I7, Endoconidio- 
phora- {(■erafostomflla) paradoxa No. 116, Mucor ramanniamis, mid Poly- 
porus rersieol(}r So. 11100 11. 

Eadi oi*ganism was grown in triplicate in test tubes at 20° C on a basal 
solution soli<lified with 1.5 per cent purified agar*^ and supplemented wdth 
5 mg moles of ])yridoxine and 0.05 gg. of biotin methyl ester, and on the same 
medium i)lus jun* lube 10 mg moles of thiamine, of pyrimidine and thiazole, 
of ])yi*imidiue, or of thiazole. Bach test tube contained 8 ml. of medium. 

All media were st(‘rilized by autoclaving at 13 lbs pressure for 20 min- 
utes. The thiamine and pyridoxine were Merck’s synthetic and the pyrimi- 
dine and thiazole*' w(u*e sui)])lied by the same company. The asparagine was 
purified by ti*eatment with Norit A and recrystallization from alcohol. The 
biotin methyl estei* was obtained from the SM A corporation. 

OBSERVATIONS 

Types of Response to Thiamine and its Intermediates. Four of the 
fifteen fungi tested proved to be unable to use the intermediates but required 

Itasnl solution (-ontniiied per liter 50 g. dextrose, 1,5 g. KH.PO,, 0.5 g, 
AIgSO. * nnd 2 g. asparagine. To tliis solution tlie following trace elemeixts were 

added in p.p.in. 0.005 P, 0,02 Cu, 0.1 Pe, 0.01 Ga, 0.01 Mn, 0,01 Mo, and Q.09 Zn. The agar 
was ]nirilicd by extraction with 5 per cent pyridine folloxYed by 0,1 N HCl aiid iieutraliza' 
tion with ('a (Oil 

Honie samples of tliiazole are contaminated with pyrimidine. We have been furnished 
siK'li HiliupiL's aiHl liiiva bad reports to this effleet froin three other investigators. 
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thiamine as such. These were Ceratostomella fimhriata, CLP, G. penicillata, 
and Chalaropsis ihiela/vioides. The response of CLP, typical of this gToup, is 
shown figure 1 A after 15 days growTh on the basal agar medium and on 
dhat supplemented with thiamine, the two intermediates, pyrimidine, or 
thiazole. 

Five of the fifteen fungi grew satisfactorily on the basal medium supple- 
mented with thiamine, or with the two intermediates, but failed to grow 
when the supplement, was limited to pyrimidine or to thiazole. These fungi 
were Cemtostoniella ips, G. pini No. 416 and No. 512, C. rndkicola, and 



Fig. 1. Types of tiiianuiie deficiency. Each fungus grown on a basal medium supple- 
mented as follows: from left to right, nothing, thiamine, thiazole and pyrimidine, pyrimi- 
dine, thiazole. A, Ceratostomella from London plane tree; B, Ceratostomella pini; 0^ 
Mueor ramannianus ; 1), Ceratostomella montimn ; E, Aspergillvs nk/er. 

Polyponcs versicolor. As far as could be judged from the growth on the 
agar slants, the two intermediates were as satisfactory as thiamine for these 
fungi. The growth of a typical representative of this group, (7. pini No. 512, 
six da^'S old, is shown in figure 1 B, 

Six of the fungi grew on media supplemented with thiamine, with the 
two intermediates, or with py^rimidine, but did not grow on the basal medium 
or oil the medium supplemented with thiazole. These fungi were C. micro- 
spora^ C. monUum, C. ohscura^ G. piceaperclap C. stenoeerasp miA Endo- 
eonidiophora paradoxa (fig.lD). 
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None of the fifteen showed a response like that of M. ramannianiis {&g. 
1 C) which grows on media supplemented with thiazole, but not on those sup- 
plemented with pyrimidine. , 

Quantitative Relations. The effect of various amounts of thiamine on 
the growth of CLP and Endoconidiophora paradoxa W'as studied briefly. 
These two fungi ivere grown in triplicate in test tubes containing 8 ml. of 
the basal agar medium supplemented per tube with 5 mp moles of pyridox- 
ine, 0.05 pg. of biotin, and 2 mg. of casein hydrolysate plus thiamine as fol- 
lows: none, 0.001, 0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, or 1.0 mp mole. 
At the end of eleven days the growth of CLP had covered the slopes in those 
tubes containing 0.25 mp mole or more of thiamine. With smaller amounts 
growth was decreased (fig. 2). The effect of 0.001 mp mole of thiamine was 
slight but visible. Under our experimental conditions 0.001 mp mole of thia- 



Fig. 2. Quantity of thiamine and CLP, From left to right, basal medium plus mjx 
moles of thiamine as follows: 0.5, 0.25, 0.1, 0.05, 0,025, 0.01, 0.001, none. Age, 11 days. 


mine was slightly but detectably beneficial to CLP and quantities of 0.5 mq 
mole or greater appeared to give the maximum benefit. 

For E, paradoxa an effect of 0.001 mq mole of thiamine was not observed, 
but 0.01 nijj mole was slightly beneficial. The growth increased in extent and 
heaviness up to 0.075 nip mole of thiamine per tube. 

■While the growth of CLP or E. paradoxa on slants of an agar medium 
properly prepared could be used for approximating the quantity of thiamine 
in a substance to be assayed, the method is time-consuming and approximate 
only. It is doubtful whether further refinement would be desirable. 

The daily growth rate in mm. of Phy corny ces Uakesleeanus, two strains 
oi E, paradoxa {^o. G 116 and No. B 520), and C. radicicola was determined 
in tubes in the presence of various amounts of thiamine after the method 
described by Beadle and Tatum (1). Fifteen ml, of the basal agar medium 
supplemented with pyridoxine, biotin and casein hydrolysate and quantities 
of thiamine ranging from 0.001 to 0.5 mp mole were used per tube. In our 
experiments the growth rate of none of the fungi mentioned was sufficiently 


■ 

I 

■ 

i 
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correlated with the quantity of thiamine to suggest that it could be success- 

fiilly xised for deterniining thiamine by this 

^ Synthesis of Thiamine from the Intermediates. The synthesis of thia- 
mine by the fungi which grew on media containing the two intermediates 
was determined as follows : 

Each fungus w^as grown in duplicate in 125 ml. Erlenmeyer flask con- 
taining 25 ml. of the basal solution supplemented per flask xvith 10 mq moles 
of pyridoxine, 0.05 pg. of biotin, and 10 nip moles each of pyrimidine and 
thiazole. Some flasks containing the same solution were retained uninocu- 
lated. After a moderate amount of growth had developed in the inoculated 
flasks (after from 5 to 14 days), acid produced by the fungus w^as neutral- 
ized with dilute KOH, sufficient purified agar was added to make a 1.5 per 
cent solution, and the flasks were autoclaved. At the same time agar was 
added to the uninoculated solutions wffiich also were autoclaved. Both the 
check medium and that in wdiich the fungus under investigation had grown 
were then inoculated with CLF, Since this organism does not grow unless 
the culture medium contains molecular thiamine, its development demon- 
strated the presence of thiamine or a physiologically equivalent substance. 
G. ipSy the two strains of (7. pini, G. radicicola, and Poly poms versicolor 
were found to produce appreciable quantities of thiamine when grown in 
liquid media supplemented with thiazole and pyrimidine. 

In this method both the mycelium and the liquid in which the fungus 
under investigation grew were included in the final test medium. It is not 
possible to say whether the thiamine which was produced was retained by 
the fungus mycelium or excreted in part into the surrounding liquid. 

Synthesis of Thiazole and Thiamine, The synthesis of thiazole^ by 
those fungi which grew in a solution supplemented wdth pyrimidine was 
demonstrated by a procedure similar to that used in testing for thiamine 
production. However, the fungus investigated was grown in the basal solu- 
tion supplemented with pyridoxine, biotin, and pyrimidine. M, ramanmanus 
was used as a test organism for thiazole. The synthesis of thiamine also was 
determined for this group by using CAP. 

Each of the six fungi wdiich grew^ in solutions supplemented wdth pyrimi- 
dine only were found to produce thiazole and thiamine in a liquid medium 
supplemented with pyrimidine (fig. 3). 

Synthesis of Pyrimidine and Thiamine. The synthesis of pyrimidine 
and thiamine by M. ramannidnus was demonstrated by cultivating the fun- 
gus in the basal solution supplemented with thiazole. E. paradora was the 

4 Tlie bioassays used iii this investigation do not prove the presence of f ree thiazole 
or free pyrimidine. 
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\yy Ceratostomella stenocems in a basal 
solution supplemented with pyrimidine 
Mucor ramannianus; (2) tasal solution 
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(8) reported that thiamine was formed by this fungus in a medium supple- 
mented with thiazole only. 

Comjbiniiig the results obtained in this study, and those summarized by 
bobbins and Kavanagh (17), 19 filamentous fungi are now known whieh 
require thiamine as such (the majority of these are species of Phytoph- 
thora) ; 15, able to use the two intermediates ; 30, which grow when supplied 
with pyrimidine alone. M. ramanniamts remains as the unique example of a 
fungus which grows in a medium supplemented with thiazole only. We 
cannot explain why among thiamine-defieient fungi the ability to synthesize 
thiazole is so much more common than ability to synthesize pyrimidine. If 
we consider that thiamine-deficient fungi evolved from forms autotrophic 
for thiamine by a progressive loss in synthetic power, the course of events 
would appear to have been as follows: loss of ability to make one of the 
thiamine intermediates followed by loss of power to combine the intermedi- 
ates into thiamine ; and in such a sequence loss of ability to make pyrimidine 
would appear to have been far more frequent than to make thiazole. 

Our results together with those obtained by others support the assump- 
tion that the bio-synthesis of thiamine occurs through the formation of 
pyrimidine and thiazole, and the combination of these intermediates into 
thiamine. If these processes are enzymatic, as is likely, it would seem that 
separate enzyme systems are concerned in the formation of thiazole, of 
pyrimidine, and in the union of the two to form thiamine. Otherwise it would 
be difficult to understand how the loss of ability to synthesize one of the 
intermediates could occur without at the same time causing loss of ability 
to synthesize another. 

Are there fungi able to synthesize one or both intermediates but unable 
to combine them into thiamine ? The existence of such organisms would be 
possible if independent enzyme systems are concerned in the synthesis of the 
intermediates and of thiamine, as suggested above, though the evolutionary 
sequence discussed previously would militate against their occurrence. If 
such fungi exist, and this is not probable, they would be included in the 
group which requires the addition of molecular thiamine to the medium, and 
they could be identified by the proper bioassays under conditions in which 
the amount of thiazole and pyrimidine in the original cultures was known. 

In any event, the results of these investigations emphasize the importance 
of thiamine as an essential metabolite for the fungi. 

The New York Botanical Garden 
AND ' 

Department OP Botany, Columbia University 
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Robbins, W. J. & Ma, Roberta. Vitamin deficiencies of twelve fungi. Arch. Biodiein. 
1: 21^-229. 1942. 

Robbins, W. J. & Ma, Roberta. Vitamin deficiencies of Ceraiostomella and related 
fungi. Am. Jour, Bot. 29: 835-843.1942. 
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Tile aim of this Index is to include all current botanical literature nu'itten by 
Americans, published in America, or based upon American material ; the word 
America being used in the broadest sense. 

Papers that relate exclusivelj^ to baeteriologw, forestry, agriculture, liorti^ 
culture, inaiiufaetured products of vegetable origin, or laboratory methods are not 
included. If users of the Index will call the attention of the editor to errors or 
omissions, their kindness will be appreciated. 

The Index is reprinted monthly on cards, and furnished in this form to sub- 
scribers at the rate of three cents for each card. The different subjects as classi- 
fied below may now be ordered separately (but no orders will be taken for less 
than one year ^s issue in any classification) . Correspondence relating to the card 
isvsue should be addressed to the Treasurer of the Torrey Botanical Club. 

The Index to American Botanical Literature is classified under 8 hea dings as 
follows: Plant Taxonomy and Flo ristics (exclusive of fungi); Morphology 
(including anatomy, and cytology in part) ; Plant Physiology ; M.yeology and 
Phytopathology; Genetics (inclnding cytogenetics); Paleobotany; Ecology and 
Plant Geography; General Botany (including biography). It is realized that some 
articles do not fall readily in any of these classifications, and users of the Index 
interested in a particular tojDie are requested to examine also classifications whieli 
may include closely related topics. 

PI.ANT TAXONOMY AND FLORISTIC S 
(exclusive of fungi) 

Alexander, E. J. Anthericim ChancUeri. Lila de los llanos. Native of southern 
Texas and Mexico. Addisonia 21: 49, 50. pZ. 697. 30 N 1942 [7 Ja 1943]. 
Alexander, E. J. Commelinantia anomala. Addisonia 21: 55, 56. pL 700. 31 N 
1942 [7 Ja 1943]. 

Alexander, E. J. Grindelia od7epi.«. Native of southern Texas. Addisonia 21: 
63, 64. pZ. 'NM. 30 N 1942 [7 Ja 1943]. 

Alexander, E. J. Renealmia ventricosa. Native of Cuba. Addisonia 21: 51. pL 
6T<S^ 30 N 1942 [7 Ja 1943] . 

Alexander, E. J. Talimm Mengesii. Native of southeastern United States. Addi- 
sonia 21: 61, 62. pi. 70S. 30 N 1942 [7 Ja 1943]. 

Alexander, E. J, Tradesoaniia micrantiia. Native of southern Texas and adjacent 
Mexico. Addisonia 21: 53, 54. pZ. 699. 7d0 N 1942 [7 Ja 1943]. 

Alexander, E. J. Trm'a mdiuZis\ Natm^ of tropical America. Addisonia 21: 57. 
pZ. 30 N 1942 [7 Ja 1943]. 

Ames, 0. & Oorrell, D. S. Notes on American orchids. Bot. Mus. Leafl. 11: 1-28. 
pi. I-j; 22 Ja 1943. 

Andrews, A. L. Taxonomic notes. II. Another natural hybrid in the Eunariaceae. 
Bryologist 45: 176-178. I) 1942. 

Bail, G. R. PZonc^awu Chairman, a valid s^Decies. Jour. Arnold Arb. 24: 

Barneby, R. C. A new species of MwfeiZis, with remarks on Herwddium imd 
related genera. Leafi. West. Bot. 3: 175-179. 19 N 1942. 

Barros, M. Notas eiperologicas 11. Darwiniana 6: 122-126. f. 1. 15 S 1942. 
Bartram, E. B. Ihiird Archbold expedition, mosses from the Snow Mountains, 
Netherlands New Guinea- Lloydia 5: 245-292. B 1942. 
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Blake, S. F. State floras of the United States. Cliroii. Bot. 7: 258-261. I) 
1942. 

Bomhard, M. L. Ceroxylon ferruginemn Andre, the Saleiito waxpalm. Joiir. 
Wash. Acad. SS: 1-8. /. 1. 15 Ja 1943. 

Borsini, O. E. Polemoiiiaeeas Argeiitinas. Lilloa 8: 199-230. /. 1-8. 25 J1 1942. ' 
Brade, A. C. A composi^ao da flora pteridofita do Itatiaia. Coiitribuic^ao para a 
fitogeograha dessa regiao. Rodriguesia 6^^: 29-43. pL i-9. 15 Je 1942. 
Bremekamp, C. E. B. Controversial questions in taxonomy. Gliron. Bot. 7: 255- 
258. D 1942. 

Brinker, R. R. Monograph of Selioenocatilon. Ann. Mo. Bot. Gard. 29: 287-314. 

2)1 ^7-~S9. IS D 1942. 

Buell, M. F. & Cain, R. L. A key to woody plants, based upon the flora of 
Itasca Park, Minnesota. 1-30. Lithoprinted. Burgess Pub. Co., Minn. Mr 
1940. 

Burkart, A. Algunas Leguminosas nuevas de la Flora Argentina. Barwiniana 
4: 323-331. /. 1. 22 Je 1942, 

Burkart, A. Las especies de Indigo f era de la flora Argentina. Barwiniana 4: 
145-178. /. 1-J. 22 Je 1942. 

Burkart, A. Las Orobaneaceas, especialmente Orobanclie CMlensis y su dis- 
tribueion geograflca en la Republica Argentina. Barwiniana 4: 303-310. 

/. 1, 22 Je 1942. 

Burkart, A. Nuevas contribueiones a la sisteniatlea de las especies siulamericanas 
de Lathynis. Barwiniana 6: 9-30. 15 S 1942. 

Butters, F. K. & Abbe, E. 0. A new oxytrope of the Minnesota-Ontario 
border. Rhodora 45: 1-4. pi. 746. Ja 1943. 

Chase, A. Papuan grasses collected by L. J. Brass, III. Jour. Arnold Arb, 
24: 77-89. /. 1-L Ja 1943. 

Cheadle, V. I. The role of anatomy in phylogenetic studies of the Monocotyle- 
doneae. Chron. Bot. 7: 253, 254. B 1942. 

Clark, J. H. & Gilbert, S. G. Selection of criterion leaves for the identification of 
blueberry varieties. Proc, Am. Soc. Hort. Sci. 40: 347—351. My 1942. 
Croizat, L. Notes on American Euphorbia ceae, with descriptions of eleven new 
species. Jour. Wash. Acad. 33: 11-20. 15 Ja 1943. 

Cutak, L. A new; species from the Big Ben region of Texas. Cactxis & Sncc. 
Jour. 14: 163-164. /. 96. B 1942. 

Croizat, L. What is a cephalium? Cactus & Succ. Jour. 14: 169-172. f. 100. 

D 1942. 

Descole, H. E. Calceolarias de Tucuman (Scrophulariaceae). Lilloa 8: 335-352. 
pb 7-5 + /. 25 J1 1942. 

Bore, W. G. & Roland, A. E. The grasses of Nova Scotia. Proc. Nova Scotian 
Inst. 20: 177—288. illusi. 30 B 1942. 

Dwyer, J. D. Kaieieurea, a new genus of the Oelmaceae. Bull. Torrey Club 70: 

^ 50-52. 2 Ja 1943. 

Dwyer, J. D. The taxonomy of the monogeneric tribe Elvasieae (Oelmaceae). 
Bull. Torrey Club 70: 42-49. 2 Ja 1943. 

Eastwood, A. New |pecies and varieties ot Lupinns. Leaf!, West. Bot. 3, 169— 
175. 19 N 1942.' 

Eastwood, A. Solaniim laneeolatum hi Calif ovm&. Leafl.. West Bot. 3: 189, 190. 

, . ,19 n; 1942. ■" ■, , 

Femald, M. L. The seventh century of additions to the flora of yirgiiiia. 
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Rliodora U: 341-405. pi 717-7^6. 17 0 1942, 416-452. pL 7l?7-755. 7 N 
1942, 457-478. i)l 737-744. 26 D 1942. 

Fernald, M. L. Transfers in Scirpus § Actaeogeton. Rlioclora 44: 479-484. 
26 D 1942. 

^ FilRo, M. A nova sisteniatica. Rodrigiiesia 6^": 45-52. 15 Je 1942. 

Foster, A. S. & San Pedro, M. R. Field studies on Microcycas caloeonia. Mem. 

Soc. Club. Hist. Nat. 16: 105-121. pi 10-17. 15 Au 1942. 

Fraser, W. P. Notes on the willows of Saskatchewan. Caiiad. Field Nat. 66: 
104-110. O 1942 [7 Ja 1943]. 

Fulford, M. Studies on American Hepaticae IV — A revision of the genus 48?/ an 
hieBidiuni. Lloydia 5: 293-304. f. 1~14. D 1942. 

Grates, F. 0. Kansas botanical notes, 1941. Trans. Kansas Acad. 45: 92, 93. 
1942. 

Grilly, 0. Two new species of Caryoearaceae from northern South America. Trop. 
Woods 72: 16-18. 1 I) 1942. 

Gleason, H. A. Sdrpus l:ollolepis, comb. nov. Rhodora 44: 479. 26 D 1942. 
Gould, F. W. A systematic treatment of the genus Camassla Lindl. Am. Midi. 

Nat. 28: 712-742. /. 1-10. N 1942 [10 Ja 1943]. 

Graustein, J. E, Fensiemon laevigatus a misnomer. Bliodora 44: 485. 26 I) 1942. 
Green, G. R. Trees of North America (exclusive of Mexico). Yol. 1— The Coni- 
fers pp. 1-186 ; Vol. II — The Broadleaves i-xvii, 1-344. lithoprinted Ed- 
wards Brothers. Ann. Arbor, Michigan. 1938. 

Grondona, E. M. Las especies del genero Foh/gala en la |)rovineia de Buenos 
Aires. Barwiniana 6: 83-121. /. 1-16. 15 S 1942. 

Gruber, 0. L. Additional ferns in the Kutztown-Fleetwood area, Pa. Am. 

Pern Jour. 32: 151-152. 0-D 1942 [13 Ja 1943]. 

Haupt, A. W. Studies in Californian Hepaticae III. Crypt omitrmm tenerunu 
Bot. Gaz. 104: 264-272. /. 1-^8. 8 Ja 1943. 

Herre, A. W. 0. T. Additions to and coinments upon the lichen flora of the 
Santa Cruz peninsula, California. Am. Midi. Nat. 28: 752-755. N 1942 
[10 Ja 1943]. 

Herre, A. W. C. T. Some noteworthy lichens from Florida. Bryologist 45: 180. 
D 1942. 

Higinbotham, N. Ceplialomonas, a new genus of the Yolvocales. Bull. Torrey 
Club 69: 661-668. /. 2 B 1942. 

Holdridge, L. E. Trees of Puerto Rico, II. H. S. Bept. Agric. Trop. Forest Exp. 
Sta. Occ. Pap. 2: 1-105. S 1942. 

HoUenberg, G. J. An account of the species of Folysiplwnia on the Pacific 
Coast of North America. I. Oligosiplionia, Am. Jour. Bot. 29: 772-785. 
/. 13 B 1942. 

Holmgren, A, H. Handbook of the vascular x>lants of northeastern Nevada, i-v, 
1-214. mimeographed. Utah Agr. Coll. & U. S. Bept. Interior Grazing 
Service. 1942. ■ 

House, H. D. A few mosses collected in the Allegany State Park, Cattaraugus 
Comity, N. Y. Sci. Stud. St. Bonaventure Coll. 11”: 3. Ja 1943. 

Howell, J. T. Another bindweed in California. Leafl. We^t. Bot. 3: 179. 19 
N 1942. 

Howell,, J. T. A notable accession to the Californian ehickweeds. Leafl. West. 
Bot. 3: 192. 19 N 1942.^ 

Howell, J. T. Studies in PhaceUa--in. Leafl. West. Hot. 3: 190-192. 19 N 
1942. 
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Howell, J. T. A sliort list of plants from Cedros Island, Lower California. Lead. 
West. Bot. 3: 181-185. 19 N 1942. 

Howell, J. T. Western plants from here and there. Leafl. West Bot. 3: 187-188. 

19 N 1942. 

Hunt, K. W. Ferns of the vicinity of Charleston, S. G. Charleston Miis. Lead. ^ 
17: 1-5. B 1942. 

Hyland, F. New combinations in Pyrus. Ehodora 45: 28. Ja 1943. 

Johnston, I. M. New Phanerogams from Mexico, V. Jour. Arnold Arb. 24: 
90-98. Ja 1943. 

Kobuski, C. E. Studies in the Theaceae, XIV. Notes on the West Indian species 
of Ternstroemia. Jour. Arnold Arb. 24: 60-76. Ja 1943. 

Knobloch, I. W. A fern collection from Chihuahua. Am. Fern Jour. 32: 127- 
138. 0-D 1942. [13 Ja 1943]. 

Kuhlmann, J. Or. A floragao da Dialypetalanthus fuscescens, Kuhlman, no 
Jardim Botanico. Kodrigiiesia 27. 1 pL,15 Je 1942. 

Kuhlmann, J. G. Rubiaceae Bialypelalanthus Kuhlmann. Rodriguesia 25, 

26. 1 pi. 15 Je 1942, 

Lawrence, G. H. M. & Schulze, A. E. The cultivated Eederae. Gentes Herb. 

6: 107-173. /. 74-86. 27 N 1942. 

Leonard, E. C. Three new species of Acanthaceae from Mexico. Jour. Wash. 
Acad. 32: 341-343. 15 N 1942. 

Li, Hui-Lin. Sehwomussaenda, a new genus of the Rubiaceae. Jour. Arnold 
Arb. 24: 99-102. Ja 1943. 

Little, E. L. New names in QtieTcus and Osmantfms. Jour. Wash. Acad. 33: 
8-11. 15 Ja 1943. 

Lourteig, A. Primulaceae Argentinae. Lilloa 8: 231-267, pi. 1+f. l-B. 25 J1 
1942. 

Lourteig, A. & O’Donell, C. A. Acalypheae xirgentinae (Euphorbiaceae). Lilloa 
8: 273-333. pi. 1-9 +f. 1-19. 25 J1 1942. 

McFarland, F. T. A catalogue of the vascular plants of Kentucky. Castanea 
7: 77-108. 0-D 1942. 

Machado, O. Contribuigao ao estudo de Datura insignis Barb. Rod. Rodriguesia 
6^^: 17-23. pi 1-4. 15 Je 1942. 

McVaugh, R. Campanulales: Campanulaceae, Lobelioideae. North American 
Flora 32A: 1-134. 5 Ja 1943. 

Marie-Victorin, Frere. Dracaena cu'bensis. Vuq relique d’affinite Africaine dans 
la flora de Cuba. Contr. Inst. Bot. Uiiiv. Montreal 43: 1-16. /. 1-10. 1942. 
Marie-Victorin, Frere & Rolland-Germain, Frere. Premieres observations botani- 
ques sur la nouvelle route de FAbitibi (Mont-Laurier-Senneterre) . Contr. 

Inst. Bot. Univ. Montreal 42: 1-48. /. 7-^^. 1942. 

Martinez, M. Una nueve Pinaeeae Mexicana. Finns duragensis sp. nov. An. 
Inst. Biol. Mexico 13: 23-29,/. 1-4. 1942. Fieea cMhmhuana sp. nov. 31-34. 

/. 1-4. Una Rubiaceae nueva de Mexico. 35-41. /. 1-4. 

Mathias, M. E. & Constance, L. New North American Umbellif era e — ^II. Bull. 
Torrey Club 70: 58-60. 2 Ja 1943. 

Mendoza, E/Las especies de Aspara^n.'? cultivadas en la Argentina. Darwiniana 
4: 311-323. 22 Je 1942. 

Merrill, E. D. & Perry, L. M. Plantae Papuanae Archboldiana, X. Jour. Arnold 
Arb.23: 383-416. 0 1942. XI. 24: 34-59.7. 1-7. Ja 1943. 

Meyer, T. Revision de las especies Argentinas del genero Mitostigma (Asclepi- 
adaceae). Lilloa 8: 1-36. pL 1-7 -f/. l-^. 25 J1 1942. 


202 


BULLETIN OP THE TORREY CLUB 


[VoL. TO 


Miranda, F. Estudios sobre la vegetacion de Mexico. II. Observaciones prelimi- 
nares sobre la vegetacioix de la region de Tapacbula, Chiapas (1). An. 
Inst. Biol. Mexico 13: 53~70. /. I-i?. 1942. 

Moldenke, H. N. Verbena maritima. Beach Vervain. Native of Florida. Ad- 
^ disonia 21: 59, 60. pb 7(9^. 30 N 1942. [7 Ja 1943]. 

Moran, B. The generic status of Itasseanthus, Desert 14: 165-169. /. 1—3. N 
1942. 

Moran, B. The status of Dudleya and Stylophyllum. Desert 14: 149-157. /. I, 
0 1942. 

Moyle, J. B.: A held key to the common nomwoody flowering plants and ferns 
of Minnesota, rev. ed. 1~71. lithoprinted. Burgess Pub. Co., Minneapolis, 
Minn. 1941. 

Muenscher, W. 0. & Winne, W. T. Common poisonous plants. Cornell Ext. Bull. 
538: 1-31. /. S 1942. 

Muller, C. H. A new species of Qnercus in Texas, Am. Midi. Nat, 28: 743-745. 
/. 1. N 1942 [10 Ja 19431. 

Munz, P. A. Studies in Onagraceae Nil. A revision of the New World species 
of Jussiaea, Darwiniana 4: 179-284. 1-10, 22 Je 1942. 

O’Bonell, C. A. & Lourteig, A. Clirozophoreae Argentinae. Lilloa 8: 37-81. 
/. 1-10'. 25 J1 1942. 

Olmo, H. P. The use of seed characters in the identification of grape varieties. 

Proc. Am. Soc. Hort. Sci. 40: 305-309. My 1942, 

Pierce, J. H. The American species of Bauhenionia (Leguminosae). Trop. 
Woods 72: 12-15. 1 D 1942. 

Porsild, A. E. Miscellaneous contributions from the National Herbarium of 
Canada, III. Canad. Field Nat. 66: 112, 113. 0 1942 [7 Ja 1943]. 
Eagonese, A. E. & Oovas, G-. Flora de la Provineia de Santa Fe (Pep. Argen- 
tina). Las Palmeras. Darwiniana 4: 285-302. pi. 1-3^ f. l-fr. 22 Je 1942. 
Kecord, S. J. American timbers of the genera 'DaVbergia and Macliaeriwm. Trop. 
Woods 72: 1-11. 1 D 1942. 

Becord, S. J. Keys to American woods. Trop. Woods 72: 19-35. 1 D 1942. 
Beeder, J. B. The status of Distichlu dcntata. Bull. Torrey Club 70: 53-57. 
/. 7.2 Ja 1943. 

Beeves, B. Gr. & Mangelsdorf, P. C. A proposed taxonomic change in the 
tribe Maydeae (family Gramineae). Am. Jour. Bot. 29: 815-817. D 1942 
[18 Ja iksj. • 

St. John, B. P. A new Tlielypteris from Florida. Am. Fern Jour. 32: 145-147. 
0-D 1942 [13 Ja 1943], 

Scanlon, Gr. M. A study of the geims Cyperus in the Hawaiian Islands. Catholic 
Univ. Am. Biol. Ser. 41: 1-62.1942. 

Schulz, A. G*. Las Pontederiaeeas de la Argentina. Darwiniana 6: 45-82. p?, 1~S 
. ■ . 1-13.16 S 1942. 

Shanks, B. E. The vegetation of Trumbull County, Ohio. Ohio Jour. Sei. 42: 

. ' 220-236. N 1942. . 

Shaver, J. M. Some general notes on ferns. Jour. Tenn. Acad. 17: 311-336. 
pi, li-f. 1-7. 0 1942. 

Sherif, E. E. Eevision of the Hawaiian members of the genus Vittosporum 
Banks. Field Mus. Bot. Ser. 22F: 467-566. 16 N 1942. 

Sherff, E. E. Some new or otherwise noteworthy Mexican Coreoi)sideae (Genera 
Eeterosperma Gav. mid Bidens h.) und a note on Xylosma Jlawaiiense 
Seem. Field Mus. Bot. Ser. 22^*^: 567-573. 10 N 1942. 
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Smitli, A. C. The American species of Drimys. Jour. Arnold Arb. 24: 1--33. 

/. 1-3. Ja 1943. 

Standley, P. 0. & Steyeniiark, J. A. Studies of Central American plants— III. 

Field Mus. Bot. Ser. 23' : 1-28. 14 Ja 1943. , 

Stebbins, G-. L. The concept of genetic homogeneity as an explanation for the ^ 
existence and behavior of rare and endemic species. Ohron. Bot. 7: 252, 

253. D 1942. 

Steere, W. C. Notes on Michigan Bryophytes — ^VI. Bryologist 45: 153-172. D 
1942. 

Stehle, H. Catalogue des cryptogames vasculaires des Antilles Francaises. Carib. 
Forester 4: 35-47. O 1942. 

Stevens, W. C. & Dill, F. E. Aplectmm spicatum in a Kansas woodland. Trans. 

Kansas Acad. 45: 138-144. pi. 1-4. 1942. 

Taft, C, E. Additions to the algae of the west end of Lake Erie. Ohio Jour. 

Sci. 42: 251-256. ph I, ^. N 1942. 

Taylor, W. E. Caribbean marine algae of the Allan Hancock Expedition, 1939. 

Allan Hancock Atlantic Exped. Hep. 2: 1-193. pi. 1-^0. N-D 1942. 

Thorpe, H. Gr. Alcliemilla pratensis in Erie County, New York. Rhodora 45: 

27. Ja 1943. 

Turrill, W. B, Taxonomy and phylogeny. Bot. Rev. 8: 655-707. D 1942. 

XTpham, A, W. Epipactis latifolia in New Hampshire. Bhodora 44: 456, 457. 

26 D 1942. 

Vassilchenko, I. I. tiber die Bedeutung der Keimungsmorphologie fiir die 
phylogenetische Systematik der Bliitenpfianzen. Chron. Bot. 7: 254, 255. 
D1942. 

Wheeler, L. C. AmarantJms Powellii in California. Lead. West. Bot. 3: 185- 

1 187. 19 N 1942. 

Wherry, E. T. The discoveries of new Pennsylvania ferns. Am. Fern Jour. 32: 

148, 149. 0-D 1942 [13 Ja 1943]. 

Wherry, E. T. Observations on Florida ferns. Am. Fern Jour. 32: 139-145. 0-D 
1942 [13 Ja 1943]. 

Wherry, E. T. The Phloxes of Nevada. Not. Nat. 113: 1-11. 20 N 1942. 

Wherry, E. T. Belationship of Lilium Michiganense. Bhodora 44: 453-456. 26 
D 1942. 

i Wiggins, I. L. New locality for a curious California polypody. Am. Fern 

Jour. 32: 149-151. pi. 1£. 0-D 1942 [13 Ja 1943]. 

Williams, L. O. A new lEpidcndncm from Panama, Am. Orchid Soc. Bull. 11: 

249. pZ. 7. 1 D 1942. 

Williams, L. O. Two new Saceoglossums from New Guinea. Am. Orchid Soc. 

Bull. 11: 297-299. pZ. 5. 7 Ja 1943. 

Woodson, R. B. & Schery, R. W. Contributions toward a: flora of Panama. YI. 
Collections chiefly by H. von Wedel in Bocas del Toro. Ann. Mo. Bot, Gard. 

29: 317-378. pZ. + l /. 18 D 1942. 

Yuncker, T. G, Nomenclatural changes in the genus Cuscuta, and notes on some 
Americaii species. Bull. Torrey Club 70: 61-67. 2 Ja 1943. 

MORPHOLOGY 

(mcludin^ anatomy, and cytology in part) 

(See also under Taxonomy: Cheadle, Yassilcftenko) 

Burton, G. W. Observations on the flowering habits of iom Paspalum species. 

Am. Jour. Bot. 29: 843-848. /. 1—3. D 1942 [18 Ja 1943]. 
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Esau, K:. Tascular differentiation in the vegetative shoot of Limm. I. The pro- 
eambimn. Am. Jour. Bot. 29: 738-747. /. 1-^9. 13 13 1942. [18 Ja 1943]. 
Ford, E. S. Anatomy and histology of the Eureka lemon. Bot. Gaz. 104: 288- 
«305. /. 1-47. 8 ia 1943. 

Fulford, M. Development of sporeliiigs in the Lejeuneaceae. Bull. Torrey Club 
69: 627-633. 2 D 1942. 

Fulford, M. Sporeliiigs and vegetative reproductive structures in Ar chile jeiinea. 

Bryologist 45: 173-175. /. 1-m. D 1942. 

Fulford, M. Sporeliiigs and vegetative reproductive structures in Mxistigolejemiea 
aiirictilaia. Am. Jour. Bot. 29: 848—850. /. 1—19. 1) 1942. [18 Ja 1943] 
G-ier, L. J. & Burress, E.. M. Anatomy of Taraxacum officinale ^ Weber. ^ Trans. 
Kansas Acad. 45: 94-97. /, 1942. 

Gifford, E. M. The structure and development of the shoot apex of Ephedra 
altissima Desf. Bull. Torrey Club 70: 15-25. f. 1-11. 2 Ja 1943. 

Goodwin, E. H. On the development of xylary elements in the ffrst internode 
of Avena in dark and light. Am. Jour. Bot. 29: 818-828. D 1942. [18 Ja 
1943]. 

Hartzell, A. Vegetative propagation of red scpiill. Contr. Boyce Thompson 
Inst. 12: 481-483. /. 1. 15 D 1942. 

Heimsch, C. Comparative anatomy of the secondary xylem in the Gruinales. 
and of Wettstein 'with reference to taxonomic grouping. 

Lilloa 8: 85-198. pi. 1-17. 25 J1 1942. 

Higinhotham, NT. The three 'dimensional shapes of undifferentiated cells in the 
petiole of Angiopteris euecta. Am. Jour. Bot. 29: 851-858. f. 1-16. D 
1942 [18 Ja 1943]. 

Falser, B. F. Histological responses of Vida f aha to indoleacetic acid. Bot. Gaz. 
104: 243-263. /. 1-^S. 8 Ja 1943. 

Eeeve, E. M. Structure and growth of the vegetative shoot apex of Garrya 
elliptica Dough Am. Jour. Bot. 29: 697-710. pi. 1-5. 13 D 1942. 

Simonds, A. O. Histological study of freezing, desiccation, and winter injury 
of raspberry canes. Bot. Gaz. 104: 356-361. /. 1—8. 8 Ja 1943. 

Struckmeyer, B. E. & Eoberts, E. H. Investigations on the time of blossom 
induction in wealthy apple trees. Proc. Am. Soc. Hort. Sci. 40: 113-119. 
/. 1-4. My 1942. , 

Trent, J. A. Studies pertaining to the life history of Specularia perfoliata (L.) 
A. DC., with special reference to cleistogamy. Trans, Kansas Acad. 45: 
152-164. pi. 1-4. 1942, 

Villagran Frado, F. Cozitribucion al conocimiento de la histologia y citologia 
del Maguey {Agave). An. Inst. Biol. Mexico 13: 43-46. /. 1-4. 1942, 
Vivian, V. E. Symmetry studies in Sagina. Bull. Torrey Club 69: 634-646. 
/. 1-7^. 2 D 1942. 

Wilson, C. L. The telome theory and the origin of the stamen. Ain. Jour. Bot. 
29: 759-764. /. 1-^9. 13 D 1942. 

PLANT PHYSIOLOGY 

(See also under Mycology : Braun & Laskaris) 

Arnon, D. I., Fratzke, W. fl. & Johnson, 0. M. Hydrogen ion concentration 
in relation to absorption in inorganic nutrients by higher plants. Plant 
Physiol. 17: 515-524. /. m O' 1942. 

Avery, G. S., Berger, J. & Shalucha, B. Auxin content of maize kernels during 
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oiitogenj, from plants of varying heterotic vigor. Am. Jour. Bot. 29: 
765-772. /. 13 I) 1924. 

Avery, Gr. S., Berger, J . & Shalucha, B. Comparative activity of synthetic auxins 
and derivatives. Bot. Gaz. 104: 281-287. 8 Ja 1943. * " 

Ayers, A. D. Comparison of the calcium and sulphur content of plant liiiids 
expressed from tissues killed by autoclaving and freezing with solid carbon 
dioxide. Plant Physiol. 17: 661-665. O 1942. 

Bair, R. A. Growth rates of maize under field conditions. Plant Physiol. 17: 
619-631. /. 1-6. O 1942. 

Baker, B. & Nelson, J. M, Tyrosinase and^plant respiration. Jour. Gen. Physiol. 
26: 269-276. 2{) Ja 1943. 

Burrell, A. B,, Cain, J. C. & Brinkerhoff, L. A, Response of apple trees to potasli 
ill the Champlain A^alley. II. A third-year growth response and a first -year 
reduction in leaf -scorch. Proc. Am. Soe. Hort. Sci. 40: 8-12. My 1942. 

Carroll, Gr. H. The role of ascorbic acid in plant nutrition. Bot. Rev. 9: 41-48. 
Ja 1943. 

Childers, N. F. & White, D. G. Influence of submersion of the roots on transpira- 
tion, apparent photosynthesis, and respiration of young apple trees. Plant 
Physiol. 17: 603-618. /. .7-9. O 1942. 

Cochran, H. L. Influence of pliotoperiod on the time of flower primordia differ- 
entiation in the perfection pimiento (Capsmm fruiescens L.). Proc. Am. 
Soc. Hort. Sci. 40: 493-497. /. i. My 1942. 

Colwell, R, N. The use of radioactive phosphorus in translocation studies. A\n. 
Jour. Bot. 29: 798-807. /. 1-9. D 1942 [18 Ja 1943]. 

Commoner, B. & Mazia, B. The mechanism of auxin action. Plant Pliysiol. 17: 
682-685. /. 1. O 1942. 

Bavis, L. B. The relation between diameter and fresh weight of developing peach 
fruits. Proc. Am. Soc. Hort. Sci. 40: 146-152. My 1942. 

Bawson, R. F. Nicotine synthesis in excised tobacco roots. Am. Jour. Bot. 29: 
813-815. D 1942 [18*Ja 1943]. 

Benny, F. E. Effect of a few hours of cMlliiig upon the germination of ghidiolus 
conns subjected to ah artifieially prolonged rest period. Contr. Boyce 
Thompson Inst. 12: 375-386. /. 1, 2. Jl-S 1942. 

Benny, F. E. The use of methyl ester of a-naplitlialeneacetic acid for inhibiting 
sprouting of potato tubers, and an estimate of the amount of chemical 
retained by tubers. Contr. Boyce Thompson Inst. 12: 387-403./. 1-4. Jl-S 
1942. 

Benny, F. E. & Thornton, N. C. The third yearns results on storage of potato 
tubers in relation to sugar content and color of potato chips. Contr. Boyce 
Thompson Inst. 12: 405-429. /. i, J1“S 1942. 

Eaton, S. V. Influence of sulphur deficiency on metabolism of black mustard. 
Bot. Gaz. 104: 306-315. f,l. 8 Ja 1943. 

Eyster, H. C. Enzymes and the law of mass action. Plant Physiol. 17: 686-688. 

7 O 1942. ' ' 

Flemion, F. Effect of the addition of nitrogen upon germination of seeds of 
Symphoricarpos racemosus. Contr. Boyce Thompson Inst. 12: 485-489. 

; 15:1) 1942. 

Flint, L. H. & Moreland, C. F. A comparison of the effects of green light and 
red light on the simple-leaf development of intact and decapitated bean 
plants. Plant Physiol. 17: 677-681. /. A 0 1942. 



206 


BULLETIN OP THE TORREY CLUB 


t VOL 


G-ustafson, F. G. p-Naplitlioxyaeetic acid as an inductor of partlxenocarpy in 
tomatoes. Proc. Am. Boe. Hort. Bei. 40: 387-389. My 1942. 

Harvey, E. N. Hydrostatic pressure and temperature in relation to stimulation 
and eyelosis in Nitella flexilw. Jour. Gen. Physiol. 25: 855-863. 20 J1 1942. 

Hitciicock, A. E. & Zimmerman, F. W. Boot-inducing siilxstanees effective on 
apple cuttings taken in May. Proc. Am. Boc. Hort. Bei. 40: 292-297. /. 1-^. 
My 1942. 

Hitchcock, A. E. & Zimmerman, F. W. Boot-mducing activity of ])heuoxy com- 
pounds in relation to their structure. Oontr. Boyce Th()m{)s()u Inst. 12: 
497-507. f, 1-4. 15 D 1942. 

Hoagland, D. E. & Broyer, T. C. Accumulation of salt and perinea Irillty in plant 
cells. Jour. Gen. Physiol. 25: 805-880. 25 J1 1942. 

Hodgkiss, W. S. et al. The amount of boron absorbed l)y soybean plants and its 
eff'eet on their growth. Plant Physiol. 17: 652-660. /. 1. O 1942. 

Janes, B. E. A comparison of the chemical composition of artificially produced 
partheiiocarpic fruits and normal seeded fruits of peppers. Proc. Am. Soc. 
Hort. Sci. 40: 432-436. /. 1-^. My 1942. 

Kavanaglx, F. The interaction between thiamine and four fungi. Bull. Torrey 
Club 69: 669-692. /. 1-16. 2 D 1942. 

Hienholz, J. E. Boron deficiency in pear tree. Pliytopathology 32: 1082. /. 1. 
I) 1942. 

Kramer, F. J. Species differences witli respect to water alxsorption at low soil 
temperatures. Am. Jour. Bot. 29: 828-832. B 1942 [18 Ja 1943]. 

Lee, F, A. & Ttikey, H. B. Chemical changes accompanying growth and develop- 
ment of seed and fruit of the Ellxerta peach. Bot. Gaz. 104: 348-355. /. 1. 
8 Ja 1943. 

Lowenliaupt, B. Nutritional effects of boron on growth and development of the 
sunflower. Bot. Gaz. 104: 316-322. 8 Ja 1943. 

Lyman, C. & Dean, L. A. Zinc deficieiLcy of pineapples in relation to soil and 
plant eomposition. Soil Bcieuce 54: 315-324. N 1942. 

Mcllvanie, S. K. Carbohydrate and nitrogen trends in bluefineh wheatgrass, 
Agropyron .spicatum^ with special reference to grazing inffuences. Plant 
Physiol. 17: 540-557. /. 1-8. O 1942. 

Macht, D. I. Influence of sulfanilamide and derivatives on growth of lAipimis 
alhiis. Plant Physiol. 17: 671-676. O 1942. 

Miller, L. F. Synthesis of p-2-triehloro6thyl'B-glucoside and its isolation from 
corn and dandelion plants treated with chloral hydrate. Contr. Boyce 
Thompson Inst. 12: 465-470. 15 B 1942. 

Mithchell, J. W. & Whitehead, M. E. Effects of vaporous naphthoxyacetic acid 
on development of tomato fruits wuth special reference to their vitamin C 
content. Bot. Gaz. 104: 362-365. /. 1-B. 8 Ja 1943. 

Mullison, W. E. & Mullison, E. Growth responses of barley seedlings in relation 
to potassium and sodium nutrition. Plant Physiol. 17: 632-644. /. 1-3. 
Q 1942. 

Murneek, A. E. & Wittwer, S. H. Belation of sexual reproduction to development 
of horticultural plants. I. General effects of flower and fruit production. 
Proc. Am. Soc. Hort. Bei. 40: 201-204. My 1942. 

Nightingale, G. T. Potassium and phosphate nutrition of pineapple in relation 
to nitrate and carbohydrate reserves, Bot. Gaz. 104: 191-223. f. 1-m. 8 Ja 
1943. 
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Olson, L. C. & Bledsoe, R. P. The chemical composition of the cotton plant and 
the uptake of nutrients at different stages of growth. Ga. Exp. Sta. Bull. 
222 : 1-16. Ulust, 0 1942. 

Oserkowsky, J". Polar and apolar transport of Amin in woody stems. Am. four. 

Bot. 29: 858-866. D 1942 [18 Ja 1943]. 

Parker, M. W. & Bortliwick, H. A. Bay length and crop yields. IT. S. Dept. 

Agr. Misc. Puld. 507 : 1-22. S 1942. 

Pickett, B. S. Initiation of X3eacli flower parts. Proe. Am. Soc. Hort. Sci. 40: 
111, 112. My 1942. 

Raper, J. E. Sexual hormones in AcMya V. Hormone A’, a male-secreted aug- 
menter or activator of hormone A. Proc. Nat. Acad. 28: 509-516. I) 1942. 
Batajak, E. J. & Owens, H. S. Optimal conditions for the hydrolysis of arabo- 
galiietmi hj Aspergillus riiger Bot. Gaz. 104: 329-337. 8 Ja 1943. 

Beitz, L. P. Indications of hail resistance among varieties of winter wheat. 

Trans. Kansas Acad. 45: 129-137. /. I. 1942. 

Beuther, W. & Burrows, P. W. The,' effect of manganese sulfate on the plioto- 
synthetic activity of freiiched tung foliage. Proc. Am. Soc. Hort. Sci. 40: 
73-76. /. I. My 1942. 

Bobbins, W. J., Kavanagli, V. W. & Kavanagh, P. Growth substances and dor- 
mancy of Fliycomyces, Bot. Gaz. 104: 224-242. /. 1, 8 Ja 1943. 

Bobbins, W. J. & Ma, B. Vitamin deflciencies of Ceratostomella and related 
fungi. Am. Jour. Bot. 29: 835-843. /, 1-3. J) 1942 [18 Ja 1943]. 

Rogers, H. T., Pearson, B. W. & Pierre, W. H. The source and pliosphatase 
activity of exoenzyme systems: of corn and tomato roots. Soil Science 54: 
353-366. /. 1-8. N 1942. 

Bomsbe, P. A. Correlation between fresh weight and area of tomato leaves. 

Proc. Am. Soc. Hort. Sci. 40: 482. My 1942. 

Smith, G. F. & Kersten, H. Auxin and ca lines in seedlings from X-rayed seeds. 

Am. Jour. Bot. 29: 785-791. /. 1-5. 13 D 1942. 

Scott, D. H., Waugh, J. G. & Cullinan, F. P. An injurious eft‘ect of peach juice 
on gerinination of the seed. Proc. Am. Soc. Hort. Sci. 40: 283-285. M.y 
1942. 

Somers, I. I. & Shive, J. W. The iron-manganese relation to plant metabolism. 

Pknt Physiol. 17: 582-602. /. i-d. O 1942. 

Stewart, W. S. & Hamner, 0. L. Treatment of seeds with synthetic growth- 
regulating substances. Bot. Gaz. 104: 338-347. /. 1—3. 8 Ja 1943. 
Sweeney, B. M. The effect of eolamine on gro\vth and protoplasmic streaining 
in Avena. Am. Jour. Bot. 29: 793-797. /. 1-7. V 1942 [18 Ja 1943]. 
Sweeney, B. M. & Thimann, K. V. The effect of auxins on protoplasmic stream- 
ing. III. Jour. Gen. Physiol. 25: 841-854. 20 J1 1942. 

Taylor, D. L. Influence of oxygen tension on respiration, fermentation, and 
growth in wheat and rice. Am. Jour. Bot. 29: 721-738. f. 1-7. 13 1) 1942. 
Turrell, P. M. & Fisher, P. L. The proximate chemical constituents of Citrus 
woods, with special reference to lignin. Plant Physiol. 17: 558-581. f. 1-3. 
v; .0 1942, . . 

Van Fleet, D. S. The significance of oxidation in the endodennis. Am. Jour. 
Bot. 29: 747-755. /. 7-X 13 D 1942. 

Vinson C. G. & Cross, F. B. Vitamin C content of persimmon leaves and fruits. 
Science 96: 430, 431. 6 N 1942. 

Wall, R. F. & Hartman, B. L, Sand culture studies of the effects of various 
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concentrations of added salts upon tlie composition of tomato plants. Proe. 
Am. Soe. Hort. Sei. 40: 460-466. /. 1-5, My 1942. 

Wame, I. a. G. The supply of water to transpiring leaves. Am. Jour. Bot. 29: 
rg75.^g84 D 1942 [18 Ja, 1943]. 

Zimmerman, F. W. & Hitchcock, A. E. Flowering habit and eorrelation organs 
modified by triiodobenzoic acid. Contr. Boyce Thompson Inst, 12: 491-496. 
f,l-3, 15 D 1942. 

GENETICS 

(including cytogenetics) 

(See also under Taxonomy : Stebbins) 

Bailey, J. S. & French, A. F. The inheritance of blossom type and blossom size 
in the peach. Proc. Am. Soc. Hort. Sei, 40: 248-250. My 1942. 

Baldwin, J. T. Polyploidy in Sedim pulehelhmi — Cytogeograpliy. Bull. 
Torrey Club 70: 26-33. /. 1-10. 2 Ja 1943. 

Charles, D. R. & Goodwin, R. H. An estimate of the minimum number of genes 
differentiating two species of golden-rod with respect to tlieir morphological 
charaeters. Am. Nat. 77: 53-69. /. 1, 3. Ja-F 1943. 

French, A. P. & Southwick, L. Further ol)servations on a narrow-leaf variation 
of the apple. Proc. Am. Soc. Hort. Sci. 40: 245-247. /. 1—3. My 1942. 

Frost, H. B. & Krug, C. A. Diploid-tetraploid periclinal chimeras as bud variants 
in Citrus. Genetics 2,7: 619-634. f. 1-13. N 1942. 

Jones, H. A. Hybrid vigor studies with cucurbits and tomatoes. Chron. Bot. 7: 
265, 266. D 1942. 

Jones, R. E. & Bamford, R. Chromosome number in the progeny of triploid Gladi- 
oliis with special reference to the contribution of the triploid. Am. Jour. 
Bot. 29: 807-813. /. 1-13. I) 1942 [18 Ja 1943]. 

Li, C. H., Fao, W. K. & Li, H. W. Interspecific crosses in Setaria. II. Cytological 
studies of interspecific hybrids involving: 1, JS. faherii and S. iialica^ and 
2, a three way cross, .F^ of italica x S. viridis and 8. faberii. Join*. Hered. 
33: 351-355. /. 7-9. 0 1942. 

Longley, L. E. Color in two garden clirysanthemum crosses. Proc. Am. Soe. 
Hort. Sei. 40: 583, 584. My 1942. 

McClintock, B. The fusion of broken ends of chromosomes following nuclear 
fusion. Proc. Nat. Acad. 28: 458-463, N 1942. 

Marinelli, L. B. ei al. Chromosomal effects of low X-ray doses on five day 
Tradescantia microspores. Am. Jour. Bot, 29: 866-874. I) 1942 [18 Ja 
1943]. 

Marshak, A. & Malloch, W. S. Tlie effect of fast neutrons on ehromosomes in 
meiosis and its bearing upon i^aehytene pairing. Genetics 27: 576-583. 

, .N 1942. ■ ■ * ' 

Martini, M. L. & Harlan, H, V. Barley freaks. Jour. Hered. 33: 339-343, /. 1-S. 

■.,01942., . 

Nichols, 0. The effects of age and irradiation in chromosomal aberrations in 
Allium seed. Am. Jour. Bot. 29: 755-759. 13 I) 1942. 

^ L. The nature of the series of environmental variances and the estima- 

tion of the genetic variances and the geometric means in crosses involving 
species of Lycopersieon. Genetics 27: 561-575, N 1942. 

Quinby, J, R. & Harper, R. E. Inheritanee of mature plant charaeters in 
sorghum. Jour. Hered. 33: 323-327. /. 5, 6. S 1942. 

Reece, F. C. Differentiation of avocado blossom buds in Florida. Bot. Gaz. 
104: 323-328. /. i-iJ. 8 Ja 1943. 
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Rick, 0. M. The genetic nature of X-ray induced changes in pollen. Proe, Nat. 
Acad. 28: 518-525. D 1942. 

Roberts, L. M. The effects of translocation on growth in Zea mays. Genetics 
27: 584-603. N 1942. ’ 

Skirm, G-. W. Bivalent pairing in an induced tetraploid of Trade scafitia. Ge- ^ 
netics 27: 635-640. N 1942. 

Sparrow, A. H. Non-random uncoiling in heterobrachial chromosomes. Proc. 
Nat. Acad. 28: 463-467. N 1942. 

Sparrow, A. H., Ruttle, M. L. & Nebel, B. R. Comparative cytology of sterile 
intra- and fertile intervarietaT tetraploids of Antirrhinum majiis L. Am. 
Jour. Bot. 29: 711-715. /. 1-7, 13 D 1942. 

Stair, E..O. & Sbowalter, R. K. Tetraploidy in tomatoes induced by the use of 
colchicine. Proc. Am. Soc. Hort. Sci. 40: 383-386. /. My 1942. 

Swanson, C. P. & Nelson, R. Spindle abnormalities in Mentha. Bot. Gaz. 104: 
273-280. /. 1-^0, 8 Ja 1943. 

Yarnell, S. H. Leaf segregation in citrus-poncirus hybrids. Proe. Am. Soc. 
Hort. Sci. 40: 259-263. My 1942. 

MYCOLOGY AND PHYTOPATHOLOGY 
Azevedo, N. da S. Herbario micologico do Jardim Botanieo. Rodriguesia 
69-81. Je 1942. 

Bedford, C. L. A taxonomic study of the genus Hansenula. Mycologia 84: 628- 
649. 2 D 1942. 

Bonar, L, & Cooke, W. B. Some new and interesting fungi from Mount Shasta. 
Mycologia 34: 663-668. 2 D 1942. 

Braun, A. C. & Laskaris, T. Tumor formation by attenuated crown-gall bacteria 
in the presence of growth-promoting substances. Proc. Nat. Acad. 28: 468- 
477. /. 1-3. N 1942, 

Brodie, H. J. Protoplasmic continuity in the powdery mildew Erysiphe graminis 
DC. Caiiad. Jour. Res. C. 20: 595-601. pi. 1+f. 1-7. D 1942. 

Brooks, T. E. Myxomycetes of Kansas — ^II. Stemonitales. Trans. Kansas' Acad. 

45: 59-70, 1942. 

Clayton, C. N. The germination of fungous spores in relation to controlled 
humidity. Phytopathology 32: 921-943. /. i-5. N 1942. 

Couch, J. N. A new fungus on crab eggs. Jour. Elisha Mitchell Soc. 58: 158- 
161. pi 18, 19. D 1942. 

Cummins, Cr. B. Descriptions of tropical rusts— V. Bull. Torrey Club 70: 68-81. 

/. 1-11. 2 Ja 1943. 

Cummins, G-. B. Revisionary studies in the tropical American rusts of Eanicum, 
Faspalum and Set aria. Mycologia 34: 669-695. /. 1-34. 2 D 1942. 

Davidson, R. W. Some additional species of Ceratostomella in the United States. 

Mycologia 34: 650-662. f. 1-4. 2 D 1942. 

Demaree, J. R. & Wilcox, M. S. Blueberry cane canker. Phytopathology 32: 
1068-1075. /. 1-3. D 1942. 

Dickson, J. G-. Outline of diseases of cereal and forage crop plants in the north- 
ern part of the United States, i-vii, 1-259. lithoprinted. Burgess Pub. Co., 
Minneapolis. 1940. 

Doolittle, S. F. & Beecher, F. S. A strain of tobacco -mosaic virus causing a 
necrosis and shriveling of tomato foliage. Phytopathology 32: 986-994. 

/. 7-5. N 1942. 
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Dreclisier, 0. Antagonism and imrasitism among some oomyeetes associated witli 
root rot. Jour. Wash. Acad. S3: 21—28. f. 1—S. 15 Ja 1943. 

Drechsler, 0. Two zooiJiagous species of Acrostalagmus with niulticellular 
*'I)esmidios^ chlamydosj)ores. Jour. Wash. Acad. 32: 343— 35d. /. 1~$, 

15 N 1942. 

Elmer, O. H. Effect of environment on the prevalence of soil-borne Bh isoctonia. 
Phytopathology 32: 972-977. N 1942. 

Harrison, C. H. Longevity of the spores of some wood-destroying Eymeno- 
mycetes. Pludop atholo gy 32: 1096, 1097. B 1942. 

Hills, P. L. The mycelium of the Uredinales. Am. Midi. Nat. 28: 756-760. 
/. l-J. N 1942 [10 Ja 1943]. 

Holmes, F. O. Quantitative measurement of a strain of tobacco-eteh virus. 
Phytopathology 32: 1058-1067. /. 1~S. D 1942. 

Johnston, C. O. Notes on plant diseases in Kansas in 1941. Trans. Kansas 
Acad. 45: 107-110. 1942. 

Kendrick, J. B, & Snyder, W. 0. Fusariimi wilt of radish. Phytopathology 32: 
1031-1033. N 1942. 

Kendrick, J. B. & Snyder, W. C. Fusarium yellows of lieans. Pliytopathology 
32: 1010-1014. N 1942. 

Koepper, J. M. Relative resistance of alfalfa species and varieties to rust caused 
by Vromyoes striatus. Phytopathology 32: 1048-1057. /. 1-4. I) 1942. 

Lorenz, O. A. & Knott, J. E. Studies of gray -wall of tomato. Proc. Am. Soc. 
Hort. Sci. 40: 445-454. /. My 1942. 

Lowe, J. L. The Polyporaeeae of New York State (except Pom). Bull. N. Y. 
State Coll. Forestry Tech. Publ. 60 : 1-128. My 1942, 

McColloch, L. F. An apple rot fungus morphologically related to a Imman patho- 
gen. Phytopathology 32: 1094, 1095. D 1942. 

Martin, G. W. Taxonomic notes on Myxomycetes, Mycologia 34: 696-704. 
/. 1-5. 2 D 1942. 

Mead, H. W. Environmental relationships in a seed-borne disease of barley 
caiLsed by Eelminthosporium sativum Pammel, King and Bakke. Canad. 
Jour. Res. G 2,0: 525-538. N 1942. 

Fady, S. M. Distribution patterns in Melampsorella in the National forests and 
parks in the western states. Mycologia 34: 606-627. /. l-S, 2 D 1942. 

Fryor, D. E. & Whitaker, T. W. The reaction of cantaloupe strains to powdery 
mildew. Phytopathology 32: 995-1004. /. 1. D 1942. 

Biker, A. J. & Baldwin, I. L. Names for the bacterial plant pathogens. Chron, 
Bot. 7: 250-252. D 1942. 

Buiz, O. M. Contribueion al conocimiento de las Levaduras del aguamiel y del 
pulque. An. Inst. Biol. Mexico 13: 1-21. /. 1-10. 1942. 

Bnpert, J. A. & Leach, J. G, Willow blight in West Yirginia. Phytopathology 
32: 1095, 1096. D 1942. 

Samson, B. W. & Imle, E. F. A ring-spot type of virus disease of tomato. Phyto- 
pathology 32: 1037-1047. /. i, D 1942. 

Seavor, F. J. The mycoiiora of Bermuda. Science 96: 462, 463. 20 N 1942. 

Shanor, L, & Conover, B. A. A new Froioachlya. Am. Midi. Nat. 28: 746-751. 
/. i-^7. N 1942 [10 Ja 1943]. 

Smith, C. O, Crown gall on species of Taxaceae, Taxodiaceae, and Pinaceae, as 
determined by artificial inoculation. Phytopathology 32: 1005-1009. /. 1-3. 
N 1942. 
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Stanley, W. M. The preparation and use of tobacco mosaic virus contahimg 
radioactive phosphorus. Jour. Gen. Physiol. 25: 881-890. pi, 8, 9. 20 J1 
1942. 

Starr, M. F. & Pirone, P. P. Phytomonas poinsettiae n. sp., the cause of bac- 
terial disease of Poinsettia. Phytopathology 32: 1076-1081. D 1942. 
Stevenson, F. J. ef uL Potato-scab gardens in the Pnited States. Phytopathol- 
ogy 32,: 965-971. N 1942. 

Tervet, I. W. & Hart, H. Variation in reaction of Anthony oats to stem rust, 
Pmcmia grammis avenue. Phytopathology 32: 1087-1090. /. I. D 1942. 
Valleau, W. D. Control of tliejf common mosaic disease of tobacco by breeding. 
Phytopathology 32: 1022-1025. N 1942. 

Viegas, A. P. Notas sobre Polyporus sapiirema Moller. Rodriguesia 6'C* 57-60. 
/. 15 Je 1942. 

Wehmeyer, L. E. Contributions to a study of the fungous flora of Nova Scotia. 

VI. Pyrenomycetes. Canad. Jour. Res. C 20: 572-594. /. 1-18. D 1942. 
Wernham, 0. 0. JSpicJiloe typkina on imported fescue seed. Phytopathology 
32i: 1093. D 1942. 

Wolf, F. T. The microbiology of the upper air. Bull. Torrey Club 70: 1-14. 
/. l-i, 2 Ja 1943. 

Woods, M. W. Respiration and virus diseases. Chron. Bot. 7: 243, 244. 1) 1942. 


PALEOBOTANY 

Andrews, H. N. Contributions to our knowledge of American carboniferous 
floras: V. lleterangkm. Ann. Mo. Bot. Gard. 2.9: 275-282. pi. 24 4 f. 7, 2. 
18 D 1942. 

Andrews, H. NT. & Pannell, E. A fossil Araucarian wood from western Wyo- 
ming. Ann. Mo. Bot. Gard. 2,9: 283-286. pi. 26. 18 D 1942. 

Hansen, H.*P. A pollen study of a montane peat deposit near Mount Adams, 
Washington, Lloydia 5: 305-313. D 1942. 

Pannell, E. Contributions to our knowledge of American carboniferous flora, s : 
IV. A new species of Lepidodendron. Ann. Mo. Bot. Gard. 29: 245-274. 
pi 18-24. 18 D 1942. 

Sears, P. B. Xerothermic theory. Bot, Rev. 8: 708-736. I) 1942. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Plant PliysiologT : McIIvanie) 

Boyd, I. L. Evaluation of species of prairie grasses as interplanting ground 
covers on eroded soils. Trans. Kansas Acad. 45: 55-58, 1942. 

Clements, F. C. Cycles and climaxes. Chron. Bot. 7: 241-243. I) 1942. 

Cressler, L. The effect of different intensities and times of grazing and the 
degree of dusting upon the vegetation of range land in West Central 
Kansas. Trans. Kansas Acad. 45: 75-91. /. 1-17. 1942. 

Griswold, S. B. A study of the woody plants along the streams which cross 
Ellis County, Kansas. Trans. Kansas Acad. 45: 98-106. /. 1—6. 1942. 

Lacey, M, L. The effect of climate and different grazing and dusting intensities 
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the tertiary character of the cove hardwood 

FORESTS OF THE GREAT SMOKY MOUNTAINS 
NATIONAL PARKi 

Stanley A. Cain 

It is the purpose of this paper to show by indirect means that large 
numbers of the genera of the cove hardwood forests are ancient genera whose 
species have long lived in the southern Appalachian region. In order to 
develop the probability of this thesis, it is necessary to make certain assump- 
tions. Direct evidence is lacking. 

Abundant fossils of angiospermous forms appear in the Cretaceous, and 
in the later Cretaceous the flora had become pretty thoroughly modernized 
with respect to families and genera of flowering plants. Throughout the 
long history of angiospermous evolution, the southeastern highlands of the 
United States have been continuously available for occupancy by plants. At 
longer or shorter intervals of time during thia^periQd,,„QverlaM 
have been .available for plant migration. The modern flora shows relation- 
ships with the ^uth — the Caribbean, Mexico, and Cen tral and South Amer- 
ica — , with the north, and, by means of northern routes,^jvith western. Amer- 
ican, eastern Asia, and Europe^. Plant genera which undoubtedly originated 
elsewhere iTavFf ound their way into the southern states ; and from this area 
migrations have carried some stocks to remote regions. At other times con- 
nections have been broken by encroachment of seas upon the land — as by the 
Mississippi Embayment — or by ice from the north; Continental shelves have 
been submerged and coastal plains built up. 

Unfortunately, however, the fossil record during this time is absent for 
the southern highlands themselves. It is only by indirection that we can 
know the nature of the flora of this region. Rather abundant Cretaceous and 
early and middle Tertiary fossils are available in the southeastern states, 
but only for lowland floras where land and sea have met and suitable sedi- 
mentary basins have been available. 

Of the 81 genera that made their appearance in the Eocene Wilcox flora, 
60 per cent are tropical in their modern affinities, and probably also in their 
ancestry, according to Berry (1930). The Oligoeene, he said (Berry 1923), 
was time of tropical marine deposits along the southern coast.’’ And 
although the Miocene was pre-eminently the period of hardwood forests,” 
the upland flora was undoubtedly scantily represented in the coastal deposits. 

1 Contribution from the Department of Botany, The University of Tennessee, New 
Series No. 59. , ^ ' 

The tables are published with the assistance, of, the , Lucien M. UnderAvood Memorial 
Pund. 
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In tlie following tables and calculations of percentages only fossil records 
from tbe sontheastern states have been considered. Had records from western 
North America, Greenland, Europe, and Asia been employed, many addi- 
tional genera could be added to those known from the Cretaceous and 
Tertiary of the southeastern states. It seems reasonable to assume, however, 
that several genera of more northern areas, characteristic of temperate and 
cool temperate climates, must have found their way southward in the up- 
lands even while the shores of the Gulf were clothed by species of Fimis, 
Cinnamomim, Lauriis, and other genera of -warm temperate and sub- 
tropical nature. This assumption is warranted by the observation of modern 
distributions. For example, red spruce that reaches sea level in Maine does 
not go lower than 4-5,000 feet in the Great Smoky Mountains. At lower lati- 
tudes the same species or ecologically equivalent plants must live at higher 
altitudes in order to find environmental conditions to which they are 
adapted. 

It is assumed, then, that the incomplete record of modern southern Appa- 
lachian genera in the Cretaceous and Tertiary deposits of the southeastern 
states is not necessarily due to their absence from the southeastern states 
(or from their chance absence from such floras as the Wilcox,” or their lack 
of discovery as fossils), but is due to their remoteness in the southern up- 
lands from suitable sedimentary basins. It seems to be more surprising that 
as many temperate genera occur as do, rather than that certain ones are 
absent from the fossil records. What chance, for example, would Picea miens 
and Aiies Fraseri of the present boreal forest of the Smokies have to enter 
a modern sedimentary basin at low elevation? 

The use of the latitude-altitude relation is based on the assumption that 
the species of the past had approximately the same climatic requirements 
as do species of the same genera today. Generally this assumption is valid 
although it is well known that tropical genera and families may have occa- 
sional truly temperate forms, or the reverse, that temperate genera and 
families may have some tropical representatives. This assumption is at the 
heart of the principle of synchronization in the dating of geological floras 
as discussed by Chaney (1936). For example, when the Eocene redwood 
forest was in Alaska, a subtropical flora occupied Washington and Oregon. 
By Miocene time the redwood forest had migrated down the coast to replace 
the subtropical, but undoubtedly many of the temperate forms of the Mio- 
cene redwood forest of the John Day basin came not only down from the 
north but also down from higher elevations of approximately the same lati- 
tude. This ecological interpretation is valid, but the assumption that all 
deposits with the same flora are synchronous is not valid. 

The second major assumption involved in the present thesis is that the 
ancient nature of certain genera can be deduced from modern areas. It is 
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not the size of a gxnierie area that isJinp.ortaiit, hut whether tlie total area 
is interrupted by major f^hsjunetions ^ the dispersal capacities of 

the forms eoiieerued. For example, on the American and Eurasian cohtineiit^ 
the Pleistocene ice sheets produced disjiinctions of once transcontinental 
ran^'es. Western and eastern American species of several genera are no 
longer in contact, and many genera once in western as well as eastern 
North America are no longer represented west of the Great Plains (Pernald 
1925). Similarly, many species were forced to withdraw from great portions 
of their Eurasian ranges with the continental ice advances and, especially in 
Europe, there was considerable extinction (Lippmaa 1938). 

Long before the Pleistocene, however, the break-np of once circumboreal 
ranges had commenced in certain regions. From the London Clay flora, for 
example, it is seen that the subtropical elements were withdrawing from 
western Europe and being replaced by temperate forms; and in the later 
Tertiary many of the temperate ranges were disrupted. In Ainerica the 
disruption of transcontinental ranges had been going on steadily with the 
progressive desiccation of the continental interior by the barrier to the 
moisture-laden winds from the west formed by the Cordilleras. 

Whatever the time of the transoceanic connections (whether by IcUid 
bridges, as was undoubtedly the case in more recent times, or by eontinental 
displacement), two points are clear. In the first place, such connections 
across the north Pacific and the north Atlantic undoubtedly once existed ; 
and. second, climatic conditions were more favorable than now, because tem- 
perate plants can only migrate through regions of temperate climate. Demon- 
stration of a land bridge does not prove a migratory tract — conditions must 
be suitable for the plants under consideration. 

It is thus reasonable to assume J:hat certain types of modern areas could 
only have been attained in Cretaceous and early Tertiary times. This applies 
with conspicuous reasonableness to those genera which today have species 
only in eastern North America and in eastern Asia; and applies with only 
slightly less certainty to those genera that have species of circumboreal area. 
As a matter of fact, in the absence of fossil records, it is only of those genera 
that are strictly American endemics, and especially when confined to the 
Atlantic half of the continent, that one cannot certainly say that they are 
as old as the Tertiary. 

The assumption has been made that many temperate genera not knowji 
from the early Tertiary deposits of the southeastern states existed in that 
region at higher elevations than the floras represented by the Wilcox. It is 
necessary, then, to consider whether such uplands probably existed, for if 
there is evidence of their presence the assumption that they were covered 
by a temperate flora has a high degree of probability. It is true that when 
subtropical and w^arm temperate floras were in the lowlands of the south- 
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eastern states warm types also penetrated low-lying areas niiicli farther 
northward, as at Brandon, Vermont. Synehronous with these invasions was 
a nortlrward extension of temperate types to relatively high latitudes. At 
the same time there must have been an upward migration in moiiiitainous 
regions of all vegetational belts. The problem, then, is whether there were 
in the southern states any land masses of sufficient elevation to have sup- 
ported temperate floras during the early Tertiary and permitted an inter- 
digitation of climatically different floras. 

This seems to be a difficult question to answer, but some indication of 
the situation is obtainable from Wiught (1932). The oldest erosion surface 
that is well preserved in this region is the Sehooley peneplain. This erosion 
level stands today at about 3,100 feet at Pisgah and 4,000 feet near Grand- 
father Mountain, North Carolina. Certain mountain groups, supposedly as 
monadnocks, rise above the well developed Sehooley level in nearby areas. 
For example, Grandfather Mountain now rises about 2,000 feet above the 
Sehooley level, and Blue Ridge and Great Smoky Mountain peaks rise from 
1,000 to more than 3,000 feet above the Sehooley level at Pisgah. In addition 
to this differential in altitude, which may be conservatively placed at 2,000 
feet, it is certain that the monadnocks were even higher above sea level. In 
places the slope of the Sehooley peneplain appears to have been as much 
as 70 feet in a mile. Although its average slope was probably much less, it 
seems probable that the upper edge of the plain must have stood at some- 
what more than 1,000 feet above sea level. There may have been some dif- 
ferential uplift which has made the Blue Ridge and other monadnocks 
higher now than they were in Sehooley time. It does not seem unreasonable, 
however, to conclude that various monadnocks such as the Cumberland 
Moiintains, the Great Smoky Mountains, and the Blue Ridge must have 
stood from 1,000 to 3,000, or even 4,000 feet above sea level. Two further 
questions need to be considered. Are these probable elevations sufficient to 
have permitted a temperate montane flora when the lowlands were occupied 
by warm temperate and subtropical floras? Were these elevations in existence 
during early Tertiary time? 

Wright (1932) suggests that the Sehooley is possibly Cretaceous. Cole 
(1941), who has studied the various erosion surfaces and made correlations 
of them, accepts the conclusion of Stose (1940) that the development of the 
Sehooley surface can probably be assigned to the Jurassic, although the 
maximum dissection of this surface may not have occurred until mid- 
Tertiary. It is possible to conclude, then, that the Sehooley was undergoing 
elevation during the Cretaceous and early Tertiary, and that the conclusion 
with respect to the presence of uplands in the southeastern states is fairly 
sound. 

As to the other question, and judging from the altitudinal relations of 
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iiiodeiTi vegetational belts, it seems likely that the maximum elevations of 
3,000 to 4,000 feet above sea level which the more important monadnocks 
probably had were sufficient to permit the existence of temperate vegetatioi?» 
in a latitude where subtropical floras occurred at sea level. This, as has 
already been admitted, does not constitute more than circumstantial evi- 
dence for the existence of a typical temperate flora in the uplands at Wilcox 
latitudes, but in view of the fact that the Wilcox does contain some tem- 
perate genera, it seems reasonable that the uplands must have contained 
many of them. 

The method of obtaining the data presented below will be described 
briefly. A list of the arborescent species of the Great Smoky Mountains 
National Park was obtained from the Park catalogue (Jennison 1938). All 
other records of the flora are incomplete, because they represent only those 
plants encountered on sample plots from the cove hardwood forest complex. 
The list of trees and tabular data were obtained from plots that averaged 
about 4,000 sq. m. in area from each of 31 stations in the virgin forest of the 
Greenbrier region. Data concerning shrubs, woody vines, and herbs were 
obtained from 19 stations. During the spring-flowering season, 10 stations 
were studied by a series of 10 quadrats of 1 sq. m. each at each station. 
During the summer season, 9 stations were studied by a series of 10 quadrats 
of 6 sq. m. each at each station. Although these data do not include all the 
species of the cove hardwood forest complex, they do represent its char- 
acteristic composition in primeval condition. 

Fossil records of the genera of the plants that compose the present forest 
were obtained from various publications concerning the southeastern states. 
This area is interpreted as extending from the deposits of the eastern shore 
of the Mississippi Einbayment to Florida and northward to Kentucky, New 
Jersey, and Maryland. The formations consulted are shown in table 1. Only 
those records which seem certainly to represent modern genera are included. 
For example, Gleditsiophylluni is not accepted as indicating the presence of 
Gleditsia} The publications used were principally those of Beimy and Knowl- 
ton, and are cited at the bottom of table 7. In the study of modern generic 
areas Dalla Torre and Harms (1900-1907)' provided the standard source 
of information. This was supplemented by reference to Bailey (1933), Small 
(1933), and other more recent sources. 

If a genus is listed as being present in Asia and America, and absent 
from Europe, it frequently is confined to eastern A^ia and eastern North 
America. Some species may occur^also in th e Ilimalayas or western North 
America, or in the south temperate zone. These additional areas do not affect 
the point made, that the genus has major disjunctioi^ are substantial 

2 Berry (1930) transferred Cassia mississippiensis to Gleditsia ? ^nississippicrisis as 
a tentative disposal of certain Wilcox fossils. , , 
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proof of the aneieiit origin of the generic stock. Hystrix, for example, con- 
sists of four species in North America, Siberia, and New Zealand. Vagnera 
js in Asia and both western and eastern North America. Arimema is in Asia, 
Abyssinia, and North America. Podophyllum is in America and the Hima- 
layas. Meihomia is in America, Asia, and Australia. Sometimes the present 
disjunctions are partially bridged by fossil records. Section Saccharina, of 
Acer, according to Pax (1926), was represented in Europe and Pacific North 
America during the Tertiary. Today the section (or the genus Saccharo- 
dendron) consists of A. sacchanmi, A. floridammi, A. nigrum, and A. leuco- 


TABLE 1. FormaMons of the so utJieastern states cheeked for fossil representatives 
of the modern genera of the cove hardwood forests of the Great Smoky Mountains National 
Park. From Knowlton {1919), 


Age 

Middle Atlantic 

South Atlantic 

Gulf 

Pleistocene 

Talbot 

Sunderland 

Clio wan 
Snndeidand 


Pliocene 



Citronelle 

Miocene 

Calrert 



Eocene 


Barnwell 

Claiborne 

Wilcox-Lagrange 

Midway 

Cretaceous, 

IJpxier 

Monmouth 

Matawan 

Magotliy 

Earitan 

Black Creek 
Middendorf 

Eipley 

Eutaw 

Tuscaloosa 

Woodbine 

Cretaceous, 

Lower 

Patapseo 

Arundel 

Patuxent 

Patuxent 

Trinity 


derme in eastern North America, A. grandidentata in the Rocky Mountains, 
and A. dialoUctim in Japan. A considerable number of the genera not only 
had an extensive range, in the Cretaceous or early Tertiary, but probably 
also consisted of many more species than today. Not ojdy are several genera 
represented today by a small number of closely related sx^ecies in eastern 
America and eastern Asia, but these relic genera are frequently quite 'with- 
out close relatives. Cmilophylluni has one species in each region. This is like- 
wise true of Tovara, Bipliylleia, Sassafras, and Liriodendron. When certain 
other genera are listed as being circumboreal, in Europe, Asia, and North 
America, it does not necessarily mean that the genus lacks tropical or south 
temperate species. Carpimis, for example, is also in the temperate of Mexico. 
Wallia (Juglam) is also in the West Indies and the Andes of South Amer- 
ica. Alnus is also in the Andes; and Mortis and Ulmus extend into tropical 
mountains. Aster is in South Africa, as is Oxalis. Many genera are practi- 
cally all over the world, as well as being circumboreal. Here may be men- 
tioned such genera as, Bammcuius, B'oayCarexf Senecio, Alsvne (Stellaria), 
Galium, Allium, Cuscnta, Oeum, Peramiiim (Epipactis) , etc. 
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SOME CHARACTERISTICS OP THE COVE HARDWOOD FORESTS 

The author has been studying the composition and structure of the virgin 
cove hardwood forests for the past several years and considerable’ unpub» 
lished data have accumulated. Quantitative studies have been made at over 
50 stations, but the data employed in the present connection represent the 
summary of only 31 stations from the Greenbrier region. Single plots, aver- 
aging about 4,000 sq. m. in area, have been used for the arborescent layer. 
Occasionally the plots have been as small as 3,000 sq. m., or as large as 5,400 
sq. m. The size of the plot at any station has been regulated by several fac- 
tors : the size and density of the dominant species ; the number of species 
in the community; and the homogeneity of the stand, with respect to fre- 
quency of the species and their basal area. It is thought that the data ob- 
tained from the various plots are more directly comparable, because of the 
adjustment of plot size to stand character, than if a constant-size plot had 
been used. Each plot was approximately of minimal area size. 

The various subtypes of the cove hardwoods have been arranged in two 
alliances, the Aesculion and the Tsugion. The following tabulation shows the 
subtypes in each alliance : 

Cove hardwood forest complex (Greenbrier region^ Great Smoky Mountains) 

Aesculion 

Aesculo-Tilietum (buckeye-basswood segregate) 

Saceharodendro-Halesietum (sugar maple-silverbell segregate) 

Betuletum (yellow birch segregate) 

Bagetum (beech segregate^ mostly a high altitude gap type) 

Tsugion 

Tsugo-Fagetum (hemlock-beech segregate) 

Tsugo-Liriodendretum (hemlock tulip tree segregate) 

Tsugetum. (hemlock segregate) 

These forest types can be considered association segregates, in the sense 
of Braun (1935), or lociations, in the sense of Clements (1936) and Cain 
(1939). Collectively, the cove hardwood forests represent a southern Appa- 
lachian faciation of the maple-beech-hemlock-birch association of the eastern 
deciduous forest formation. The southern faciation is distinguished from the 
northern forest by the presence of such trees as Aesculus octanclra^ Ealesia 
monticola, and Magnolia Fraseri, and the abundance of Liriodendron 
tulipifera. Most of the stations studied by quantitative means were selected 
because of their representation of the subtypes. A larger total acreage is 
covered by mixed, mesophytic forests that cannot be easily assigned to a 
subtype. This is the undifferentiated deciduous forest climax of Braun 
(1935), and others. 

The concept is widely prevalent that the so-called forest 

was essentially an undiff erentiated of temperate 

forest species. With relative homogeneity, it presumably occupied an ex- 
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tensive cireiimboreal territory, and, during* the Tertiary, with elimatie de- 
terioration ill many places, specific and generic ranges were contracted and 
disjoinecl. This process was brought virtually to a modern eonditioii by the 
Pleistocene ice sheets. It is certainly true, as shown by fossil records as well 
as modern areas, that many species and genera once occupied more extensive 
areas ; and many regions once had a richer temperate forest flora. For ex- 
ample, many eastern forest genera were once a part of the western American 
forests, and are now completely unrepresented there. It does not seem cor- 
rect, however, to emphasize too strongly the undifferentiated eharacter of 
the Tertiary forests. Inasmuch as there were oceanic and continental areas, 
low and high elevations, and strong topographic contrasts during the Ter- 
tiary, there must also have been local or microclimates. The Tertiary forest 
must also have had faeiations and lociations, as well as larger associations. 
It is not intended to deny that the undifferentiated forest probably occupied 
a larger area during the Tertiary than it does today, but to emphasize that 
association segregates were undoubtedly a feature of the Arctotertiary for- 
est then, even as now. To reason otherwise would be to assume that many 
species have changed their ecological tolerances, with the passage of time, 
always in the direction of narrower amplitude. 

In table 2 are presented the statistical data concerning the arborescent 
layer. Density and coverage data are not shown for the purposes of this 
paper. By present (columns 1 and 3) is meant that the species was found 
growing within the number of plots indicated. A species was not considered 
to be dominant unless it composed about 50 per cent or more of the total 
basal area of the trees on the plot. Codominants are those species of more 
than about 15 per cent basal area. In most of the stations there were only 
about from two to four dominants and codominants making up 80 per cent 
or more of the stand. Constancy per cent is an indication of the occurrence 
of the species at the stations on a basis of the minimal area plots. From the 
table it is seen that 12 species are dominant or codominant at various stations 
in the cove hardwood forest. The two alliances are not distinguished by the 
presence or absence, but by relative importance of species. The most frequent 
dominants of the Aeseulion are Aesciilus octandra dominant at 10 stations, 
Tilia neglecta at 9 stations, and Saccharodendron harbatum at 8 stations. 
The most frequent dominants of the Tsugion are Tsuga canadensis at 12 sta- 
tions and Liriodendron hilipifera at 9 stations. Twenty additional species 
are associates of the dominants, and do not attain sufficient coverage at any 
station to be classified as even a codominant. Tsuga canadensis, Betula alle~ 
ghenimsis, Aescnliis octandra, Halesia monticola, Tilia neglecta, Saccharo- 
dendron barbatum, and Fagus grandifolia have a constancy of class Y, being 
present in the sample plots of more than 80 per cent of all the stands. 

Shrubs and woody vines were sampled in the same plots employed for 
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TABLE 2. Trees of the cove hardwood forests of the Great SmoTcy Mountains found 
on sample plot studies of the Aesculion and Tsugion. 

All genera were in tlie Southeastern States in Pre-Pleistoeene except those xnarked by 
an asterisk : »» 


Tsuga canadensis 

Betula allegheniensis 

Aescnlus octandra 

Halesia montieola 

Tilia neglecta 

Saecharodendron barbatuin. ... 

Fagus grandifolia 

Fraximus americana 

Liriodendron tulipifera ....... 

Padus virginiana 

Castanea dentata 

Pieea rubens 


Magnolia Fraseri 

Bufacer rubruin 

Acer pennsylvanieum 

* Tulipastrum aeuminatuin 

Hicoria eordiformis 

Amelanchier laevis 

Acer spicatum 

Ilex opaca 

Quereus maxima 

Svida alternif olia ............... 

Betula lenta 

Hamamelis virginiana 

Wallia cinerea 

Ilex montieola 

Aralia spinosa 

Cynoxylon floridum 

Cladrastis lutea 

*Oxydendrum arboreum .... 

Quereus montana 

*Bobinia pseudoacacia 


Total number of species 

samided 

Total number of genera 

sampled 

Total Tertiary genera sam- 
pled 


Aesculion (18) 

Tsugion (13) 


Stations 


Stations 

Stations 

dominant 

Stations 

dominant C 

Present 

or co- 

Present 

or co- 


dominant 


dominant 

16 

4 

13 

12 

16 

3 

10 

0 

16 

10 

11 

0 

14 

3 

13 

3 

16 

9 

10 

1 

15 

8 

10 

0 

14 

2 

11 

4'. ■ 

10 

1 

9 

0 

5 

1 

9 

9 

7 

1 

2 

0 

3 

1 

3 

1 

1 

0 

1 

1 

3 


12 


3 


10 


6 


6 


6 


4 


6 


2 


3 


5 


6 


2 


0 


6 


4 


1 


3 


2 1 


0 


5 


1 


2 


2 


0 


0 


. 2. 


0 


2. 


1 


0 


0 


1 


0 


1 


0 


1 


0 


1 


24 


30 


21 


26 


19 


22 


90.5 


84.6 



the herbaceous layer. Ten stations were studied during the spring floveiino 
season, and nine additional stations were examined during the summer. 
These stations were taken mostly from the Aesculion. Table 3 shows that 
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TABLE 3. woody vines of the Great SmoTctj Mountains found on sample 

plot studies of the .cove hardwoods, , c. 

Those indicated by an asterisk are not known from the boiitlieasterii States as Pre- 
Pleistocenre fossils, but undoubtedly were there during the Tertiary, as shown by modern 
iv:'eas. 



Vernal aspect 
(10 stations) 

Aestival aspect 
(9 stations) 

Constancy 
% . 

Frequency 

% 

Constancy 

% 

Frequency 

% 

*Eubus canadensis 

50 

12 

89 

18 

Euonymus obovatiis 

40 

21 

44 

23 

*Partlienoeissus quinquefolia 

10 

1 

55 

17 

Viburnum lantanoides 

10 

1 

33 

9 

Aristoloebia maeropbylla 

30 

5 

11 

2 

Smilax hispida 



33 

3 

Euonymus americanus 

10 

6 

22 

12 

Hydrangea arborescens 

10 

1 

22 

5 

Pyrularia pubera 

10 

1 

11 

1 

^Sambucus pubons 

20 

2 



Vitis aestivale 



11 

1 

Rubus nigrobaceus 



11 

1 

Grossularia Gynosbati 

10 

1 




altogether, nine shrubs and four woody vines were found on the plots. These 
plants are never of very great importance (with respect to frequency, con- 
stancy, coverage, or density) in the cove hardwood forest type complex, 
except locally. 

In studying the herbaceou.s layer, the Pteridophytes were sampled at the 
same time as the flowering herbs, but it was useful to separate them in pre- 
senting the results. Table 4 gives the data for the Pteridophytes. Only 
Dryopteris i/nter media, Athyrium thelypter aides, and Polystichum acros- 
tichoides were of sufficient constancy or frequency to be of much significance. 

Table 5 lists all the flowering herbs encountered in the quadrat studies. 
They are grouped according to the constancy class to which they attain in 
either the vernal or the aestival aspect. For example, Alsine tennesseemis 
(conspicuously the most ubiquitous herbaceous species of the cove hardwood 
forest complex), Tiarella cordifoUa, Aster acuminatits, and Anemone quin- 
quefolia have a class V constancy in both aspects. Erythronium americannm, 
Dentaria diphylla, and Viola sororia reach class V in the spring flora, but 
not in the summer samples. The remaining species had a class V constancy 
only in the summer plots: Urticastrum divaricatum, Viola hlanda, Solidago 
Curtisii, Eupatorium urticaefolium, and Naialus. Such contrasts as are 
apparent between the vernal and the aestival samples are not all due to 
aspect, but are largely attributable to the heterogeneity of the herbaceous 
layer from station to station. Certain species of the spring flora, however, are 
usually absent from the summer stage, having completed their life-cycles 
by the time the full canopy of the forest has developed. In this group can 
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be mentioned Erythronmm americanum, Bicuculla canadensis, BicucuUa 
cucullana, Claytonia virginica, Phacelia fimbriata, and Panax trifolium. 
Species that are inconspicuous or have scarcely started their development 
in the spring, and which are of importance in the summer flora because of 
their high coverage, include such plants as Eupatorium urticae folium, Aster 
acuminahis, TJrticastrum divaricatum, Solidago Gurtim, Monarda didyma, 
Impatiens pallida, etc. 

TABLE 4. Pteridophytes of the Great SmoTcy Mountains found on sample plot 

studies of the cove hardwoods. 

Genera marked by an asterisk are not known from the Southeastern States as Pre- 
Pleistocene fossils, but from their modern areas they were undoubtedly in the region dur- 
ing the Tertiary : 



Vernal aspect 
j (10 stations) 

Aestival aspect 
(9 stations) 

Constancy 

% ■ ■. -j 

Frequency 

% 

Constaiiey 

% 

Frequency 

% 

Bryopteris intermedia 

90 

36 

89 

77 

Atliyrium tlielypteroides 

60 

20 

100 

' 45 

*Polysticlium acrostichoides 

50 

10 

78 

15 

*Botrycbium virginianiim 

40 

5 

44 

10 

LveoiDodium lucidulum 

40 

9 

33 

13 

Bryopteris noveboracense 

10 

6 

55 

32- 

*Botrycliiuiii disseetum 

10 

1 

33 

5 

*Cystopteris fragilis 

20 

11 

22 

4 

Atliyrium asplenioides 



22 

5 

*Botrychium obliquum 

20 

2. 


...... ■ 

Bryopteris bexagoiioptera 

10 

5 

11 

10 

Athyrium pycnocarpon 



11 

3 

Osmunda einnamomea 



11 

2 

Bryopteris marginalis 



11 

2 

Bryopteris dilatata 



11 

1 


The plants of the preceding tables are the ones that are considered later 
in the development of the thesis that the cove hardwood forest is an ancient 
forest of essentially Tertiary character. Bryophytic communities of the soil, 
tree, trunks, etc., are not considered atj;his time. Any one wishing a more 
complete picture of the cove hardwood forests will find a discussion of the 
bryophytic communities by Cain and Sharp (1938). 

THE TERTIARY CHARACTER OP THE COVE HARDWOOD FOREST 

The method of ascertaining the ancient origin of most of the genera of 
the cove hardwood forest has already Been discussed in the introduction. 
At this point, however, it is necessary to explain why generic units are used 
rather than species. In a study of Pleistocene plants of the Wicomico, 
Chowan, and Pamlico stages from North Carolina, Berry (1925b) founc 
that none was foreign to the region as a wholes although several no longer 
exist at the localities where the fossils were found. Furthermore, only about 
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A -RT U 1 Snecie, of the herhaeeons stratum of the cove hardtvooa forest tirpe eom- 

at 19 stations in the mtj/iri f ^ ^ different stations, so the differeirces avo 

The vernal and T quTd^tswte used at eaci> of the vernal stations; 

wot wholly ones t the aestivfil stations. The spoeies indicated .by an 

i^t^XarH— of -idence of their Tertiary nature is at hand. 


asterisk are members ot 8®"®^.^".';' 
Nomenclature follows femall (1933). 


Species are arranged according 
to the constancy classes to 
which they attain 

(81-100%), 

Alsine tennesseensis 

Arythronium americanuin 

Tiarella cordifolia 

Aster acuminatus 

Dentaria diphylla 

Anemone qiiinqiiefolia 

Viola sororia 

TJrtieastrum divaricatum .......... 

Viola blanda 

Solidago Curtisii 

Eupatorium nrticaefolium 

Nabalus sp. 

Class IV (61-80%) 

Bieiiculla canadensis 

Viola hastata •••• 

Panax trifolium 

Mitehella repens 

Caulophyllum thalictroides .. 

Claytonia virginiea 

Triilium erectum var. album .. 

Cimicifuga americana 

Oxalis montana 

Ranunculus recurvatus 

^Monarda didyma 

Polygonatum bifiorum 

Class in (4.1-60%) 

Impatiens pallida 

Poa cuspidata 

Osmorrhiza Claytoni 

Viola canadensis 

Viola rostrata 

Galium triforum 

Disporuin lanuginosum 

Car ex flexuosa 

Carex plantaginea 

*Rudbeckia laeiniata 

Hepatica acuta 

Tovara vmginiana 

*Hydrophyllum canadense 

*Medeola virginiana 


Class II (n-40%) 

^Plilox stolonifera 

^Validallium tricoeeum 

Veratrum viride 

Arisaema quinatum 

Carex austro-caroliniana 
Podophyllum peltatum 


Venial flora 

A (^stiva 

1 flora 

istancy 

% 

PrequeiiCY 

% 

Co list alley 
% 

Frequency 

% 

100 

99 

100 

100 

100 

75 i 

1 

81 

100 

73 

89 

100 

61 

100 

81 

90 

55 

33 

5 

90 

54 

100 

38 

90 

36 

78 

53 

70 

34 

100 

78 

80 

59 1 

100 

72 

70 

39 

100 i 

62 

30 

21 

89 i 

. „ 1 

65 

60 

16 

89 

33 

80 

41 


8 

80 

35 

11 ■ 1 

80 

35 



80 

24 

67 ■ , 

37 

80 

16 

78 

25 

70 

61 


12 

70 I 

27 * 

55 

60 

49 

55 

17 

50 

22 

67 

25 

40 

30 

26 

67 

22 

12 

67 

12 

40 

4 

67 

10 
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TABLE 5. {Continued) 


Species are arranged according 
to the constanc}' classes to 
whicli tliey attain 

Vernal flora 

Aestival %3ra 

Constancy 

% 

Frequency 

% 

Constancy 

% 

Frequency 

% 

Galium circa ezans 

30 

7 



^Xeniatrum iimbellulatum 

30 

3 

11 

1 

Cuscuta sp 



33 

4 

Arisaema tripliyllum 

10 

1 

33 

4 

Viola rotundifolia 

20 

8 

33 

3 

^Chrosperma miiseaetoxieum 



22 

13 

Sedum terna turn 

10 

3 

' 22 

10 

Cryptotaenia canadensis 



22 

9 

*Adicea pumila 



22 

8 

’’^Syndesinon thalictroides 



22 

5 . 

Viola eriocarpa 



22 

4 

*Oampaniilastruni americanum .. 



i2 

3 

Geuin canadense 



22 , 

2 

Peramiiun opliioides 

'■ ■ , 1 


22 

■2 

Vagnera raeemosa 

20 

3 

■ 22 

2 

CLASS I (1-S0%) 





* Phacelia dmbr iata 

20 

14 



Viola pallens 

20 

9 



Viola eucullata 

! 20 

8 



Mitella diphylla 

20 

6 

11 

3 

Geranium maculatum 

20 

6 

11 

2 

*Zizia Bebbii 

20 

4 

11 

9 

Lilium superbum 

20 

2 



Juneoides bulbosum 

20 

2 



Carex prasina 

20 

2- 

11 

3 

Trilliiiin grandiflorum 

10 

10 

11 

3 

Actea alba 

10 

6 



Ranunculus fasieularis 

10 

4 


...... 

Micranthes mierantliidifolia 

10 

4 



*Cymopliyllus Praseri 

10 

3 

ii 

3 

Juneoides saltuense 

10 

3 



Galium -aparine 

10 

2 



Diphylieia cymosa 

10 

2 



Ranunculus abortivus 

10 

1 

11 

,2 

*Collinsonia canadensis 

10 

1 


i , 

Gircaea latifolia 

10 

1 



*Heucuera americana 

10 

1 

11 

1 

Bicueulla cucullaria 

10 

1 



Seneeio Rugelii 

10 

1 



Clintonia borealis 

10 

1 



Glycine Apios 



11 

8 

*Taenidia integerrhna 



11 ! 

5 

*Blepliilia liirsuta 



11 

^ 5 

Solidago axillaris 



11 

5 

Hystrix Hystrix 



11 

3 

*Houstonia purpurea 



11 

3 

Meibomia nudifiora ’ 


■ ' 

11 

. 2 

Monotropa unifiora 



11 

1 

Juncus tenuis 


.. ■ 

11 

■ ■ 1. . 

Thalictrum dioicum 



11 

1 

Carex pennsylvanica 



11 

1 

*1 

Panicuin sp. . 


...... 

11 

JL 

Gacpix fstf^bata - 



11 

1 

Aselepias exaltata 



11 

1 

' ■ 1 ■ 

Lysimacliia quadrifolia 



11 

1' ■■ 
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four per cent of the species are now extinct (a Quercua mid a Deivdrium). 
The remainder of the flora seems unchang:ed and includes such dry habitat 
plants a!S Hicoria glalra, Qiiercus prinus, Q. velutim, Celtis occidentalis, 
and Taccinnim (Batodendron) arhoretim. Most of the plants are character- 
istic of moist to wet habitats and include Taxodmm distichum, Hicoria 
aquatica, Quercus paUstris, Q. Michauxii, Planera aquatica, and Nyssa 
Mflora. The general practice of paleobotanists seems to be to consider Pleisto- 
cene fossils as eonspeeific with existing forms unless the weight of evidence 
is to the contrary. With older fossils, however, the opposite practice is the 
rule. One method that is very helpful in understanding the c'haracteristies 
of a fossil flora is to indicate the nearest living relatives of the extinct forms. 
This can be illustrated by the following Miocene list from Berry (1916b), 
table 6. As far back as the Eocene, there was considerable resemblance 


TABLE 6. A co'mparison of species from the middle Miocene Calvert flora of Virginia 
and their closest living relatives. (From Berry 19161)). 



Erom tlie Calvert flora 

Closest living relative 


Salvinia formosa 

Salvinia natans 


Pinus sp. 

Finns taeda 


Taxodium dubium 

Taxodiuin distichum 


Quercus calvertonensis 

Quercus alba 


Carpiuus grandis 

Carpinus earoliniana 


Elmus basieordata 

Ulnius ala ta 


Platauus aeeroides 

Platanus occidentalis 


Cassia toraf ormis 

Cassia Tora 


between fossil species and modern ones. In the Wilcox flora (Berry 1930) 
Cercis wilcoziana is very close to C. canadensis ^ duiidi Diospijr os wilcoxiana 
resembles D. virginiana. In the upper Eocene of the Claiborne and Jack- 
son floras there are also examples of striking similarity between fossil and 
modern species (Berry 1924). Such pairs include Hicoria jacksonkma and 
H. pecan, Castanea claihornensis and 0. dentata, and Tilia jacksonkma and 
T. americana. It is doubtful whether any species exist now that are very close 
to the Cretaceous floras. Certainly eonspeeific identity of types should be 
accepted only with great hesitancy^ although many generic sections were 
established in the Cretaceous. It is apparent, then, that one could not get 
very far in proving the Tertiary nature of the modern flora of the Smokies 
by dealing with species. 

On a basis of modern areas it would be possible to indicate tliat many 
of the cove hardwood species are of ancient origin. For example, in Europe 
and in eastern North America respectively there are many pairs of very 
closely related species such as Oxalis Acetosella and 0. montana, Poly- 
podium vulgare and P. virginianum, Hepatica triloba and H. americana, 
that have diverged only slightly. Between plants of eastern Asia and eastern 
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America for which geographic disjmictioii has been of long standing, there 
are some identities, and a striking series of very closely related pairs of 
species, such as Caulo'phylhm robustum and 0. thalictroides, Liriotlendron 
cUnense {=L. iulipifera var. chinense HemsL) and L. UiUpifera, etQ, In 
other eases there is not a single pair of species, but a small group of closely 
related ones : Pynilaria pub era is represented by two species in the Hima- 
layas, and Buckley a distichophylla (a semi-parasite on Tsuga) by three 
species in China and Japan. On this basis, however, it would not be possible 
to treat all the species of the cove hardwood forests because such close rela- 
tives are frequently absent. y 

Another difficulty, and a very serious one, with the method of geographie 
distribution applied to species lies in the necessity of critically examining 
published accounts and herbarium specimens from a taxonomie point of 
view. Such a procedure is beyond the scope of this paper. It seems sufficient 
to treat only of genera. 

The study of the cove hardwood forests has been supplemented in one 
respect. Information has been brought together concerning the total arbores- 
cent flora of the Park. The genera native within the Park are listed in table 
7, together with their fossil record in the southeastern states. This table also 
indicates those genera that were probably in the same region during the 
Tertiary, as shown by their modern areas explained above. Of the 67 gen- 
era, 36 are known from Cretaceous deposits of the southeastern states, 23 
from the Eocene, 14 from the Miocene, and 10 from the Pliocene. From the 
whole Tertiary, there are records of 31 of these genera. Genera known from 
the Cretaceous of the region, but not discovered as yet in the Tertiary, were 
nevertheless probably still in the region during the Tertiary. These include 
Sirobus, Piceaj Abies, Sabina, Populus, Liriodendron, Mains, Amelanchter, 
Crataegus, Acer, Bufacer, Sassafras, Benzoin, Gynoxylon, Kalmia, and 
Viburnum. Altogether, the fossil records show that 46 genera of the arbores- 
cent flora of the Smokies were in the southeastern states in Pre-Pleistocene 
time. 

Table 8 summarizes the data of table 7, and, according to the generic 
treatment of Small, it is seen that a total of 62 genera (93 per cent) date 
back to the Tertiary in this region. If the more conservative generic treat- 
ment found in Gray^s Manual is used, the total of Tertiary genera is 96 per 
cent, deferring back to table 2, which summarizes the cove hardwood trees, 
we find that 90.5 per cent of the trees of the Aesculion are Tertiary, and that 
84.6 per cent of those of the Tsugion are likewise that old. It is of special 
interest that all the trees that are dominant or codominant belong to genera 
that are of Tertiary character. 

The summary for the flow^ering herbs (table 9) is especially interesting. 
Those species which have the highest constancy (Class V) are entirely of 
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TABLE 7 ^ThoTCscGTit cfcviGTOi of the Gfcot SwoVy l^cmutdins ^(itiouoX FtivtCj and 
their Mown occurrence as fossils in the southeastern United States chiring Cretaceous and 

Tertiary iimes. 


■m — rTz::^: 


Tertiary 

Pleisto- 

cene 

Pre- Pleistocene 

Genera 

Cre- 

taceous 

Eo- 

MiO' 

Plio- 

as indicated by 
modern areas 



cene 

cene 

cene 


Piims 

X 


X 

X 

X 

X 

X (Bailey, 1933) 

Strobiis (Pinus) 

X 




; X 


X 




X 

X 







X 







X 


X 





Sabina (Jimiperus) 

X 




X 

X (Small, 1933) 

Wallia (Jiiglans) 

X 

X 



X 

X (Small, 1933) 

Hieoria (Carya) 


X 


X 

X 

X (Berry, 1923) 

Popnlus 

X 




X 

X 

Salix 

X 

X 

X 


X 

X 

Carpinns 



X 


X 

X 

Ostiya 





X 

X 

Betula 

X 



X 

X 

X 

Alnns 





X 

X 

Pagus 

X 



X 

X j 

X 

Castanea 


X 


X 

X i 

X 

Qiiercus 

X 

X 

X 

X 

X 

X 

Morns 

XJlmus 



X 


X 

X 

X 

X 

Celtis 

X 

X 



X 

X 

Asimina 



X 



X 


Tulipastrum (Magnolia) ... 
Magnolia, 

X 

X 



X 

X 

Tji rind on dr on .. .. 

X 




X 

X (Small, 1933) 

Hamamelis 

...... 



1 


X, 

Liquidanibar 

i 

X 



X 

X 

Platanus 

Sorbns (Pyrus) 

I ^ 

X 

X 


X 

X 

X (Small, 1933) 

Mains 

X 





X (Small, 1933) 

Amelaneliier 

X 




X 

X 

Crataegus 

X 




X 

X 

Prnnus 

■ X 

X 


X 

X 

X 

Padus ( Prnnus 1 






X (Small, 1933) 

Gercis 


X 



X 

X , , 

Gleditsia 


X 



X 

X 

Cladrastis 

Eobinia 


X 



X 

X 

Ehus 

X 


X 



X 

Ilex 

X 

X 

X 

■ X 

X 

X 

Staphylea 

Aesculus 





X 

X (Pax, 1928) 

X (Pax, 1926) 


Acer 

■ X ■ : 




X 

Sacebarodendron (Acer) ... 




X 

(Pax, 1926) 

Eufacer (Acer) 

X’ 




X 

X (Pax, 1926) 

Negundo (Acer) 

X ■■■ 

X 




X (Pax, 1926) 

Ehamnus 

X 

X 

X 



X ■ 

Tilia 

Malaehodendron (Stnartia) 


■ X 



X 

■■ X ■ . . 

X (Small, 1933) 

Sassafras 

X 





Benzoin 

X 




X 

X ' ' ' 

Nyssa 

X 

X' 

X 

X 

' X . 

X ' ' 

Svida (Oornns) l.. 

X 

X 


...M* 

■ ■ ■ X. . ' 


Cynoxylon (Coxnus) , 

X 

1 , 
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TABLE 7 (Coniinuedy, 



Cre- 

taceous 

Tertiary 

Pleisto- 

cene 

Pre-Pleistocene <» 

Genera 

Eo- 

cene 

Mio- 

cene 

Plio- 

cene 

as indicated by 
modern areas 

Aralia 

X 

X 




X 

Glethra 

Rhododendron 





. X 

X 

XU 
j X 

Kalmia 

X 





Oxydendruni 







Pieris (Andromeda) 

X 


X ' , 

...... ■ 


X (Small, 1933) 

Batodendron (Vaceinium)... 





X 

Cyanococciis (Vaceinium)... 



X 

1 

X 

X 

Biospyros 

X 

X 

X 



X 

Halesia 






X . 

Fraxinus 

X 

X 

X 

X 

X 

X 

Chionaiitlius 






X 

Catalpa 






■ X ■ 

Viburnum 

X 




! ■ ■ ■ X' , ' 

' X , 

Total genera 







67 i 

36 

^ 23 

1 

14 

10 

41 

59 


The records incorporated in the above table were obtained from the following publi- 
cations: 

Cretaceous: Berry (1914, 1919, 1921, 1923, 1925a, 1930), Knowlton (1919). 

Eocene: Berry (1924, 1930), Knowlton (1919). 

Miocene: Berry (1923, 1916a, 1916b), Knowlton (1919). 

PLIOCENE: Berry (1923), Knowlton (1919). 

Pleistocene: Berry (1923, 1925b), Hollick (1906), Knowlton (1919). 

Modern Areas: From Balia Torre and Harms (1900-1907) unless otherwise indicated; 
Bailey (1933), Berry (1923), Pax (1926, 1928), Small (1933). % 

Tertiary character. In the vernal aspect all the species that are over 40 per 
cent constant belong to genera that were present in the region during the 
Tertiary. The most striking feature of the table, however, seems to be the 


TABLE 8. Geological status of the arborescent genera of the Great Smolcg Mountain 
National Parle. 



67 genera, according 
to Small (1933) 

59 genera, according 
to Gray (1907) 


No. ' 

% 

No. 

% 

Known from the Cretaceous of the 



32 

54 

Southeastern States 

36 

54 

Known from the Tertiary of the 


;46 

31 

53 

Southeastern States 

31 

Known from Pre-Pleistocene of the 
Southeastern States 

46 

69 

42 

71 

Known from the Pleistocene of the 



39 

66 

Southeastern States 

43 , 

64 

Pre-Pleistocene, as indicated by mod- 


■88.,, 

55 

93 

ern generic areas 

, 59 

Total undoubtedly in the Southeastern 
States during Tertiary ...; 

62';',/,y 

93 

, 57 

96 
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TABLE 9. The Tertiary character of the herbaceous stratum of the cove hardwood 
forest types of the Great Smohy Mountains National Parh. Fteridophytes excluded. 


Constancy classes 
of the species 
( % of stands) 

, 

Vernal aspect 
(10 stations) 

Aestival aspect 
(9 stations) 

Total 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

V (81-100%) 

7 

100 

9 

100 

11 

100 

IV (61- 80%) 

7 

100 

6 

83 

; 12 

92 

III (41- 60%) 

4 

100 

10 

70 

12 

75. 

II (21- 40%) 

8 

62 

15 

60 

19 

63 

1(1- 20%) 

21 

76 

20 

70 

34 

76 


Total number of genera = 76. 
Total number of species = 98. 


increase of the Tertiary percentage with an increase of constancy through 
classes II, III, IV, and V. This may be a coincidence, or it may indicate that 
the species of the more ancient genera are more thoroughly entrenched in 
these yirgin communities than are the species of American endemic genera. 

Finally, table 10 brings together the results for all the groups discussed. 


TABLE 10. Summary: Tertiary genera of the cove hardwood forest types of the 
Great SmoTcy Mountains National Park, based on sample plot studies at SI stations in 
the virgin forest. Data based on SmalVs (19SS) nomenclature. 


Olassiflcation 

Ameri- 

can 

endemic 

genera 

Genera known 
from Pre- 
Pleistocene in 
Southeastern 
United States 

Presumptive 
Tertiary 
genera from 
modern 
areas only 

Total 

genera 

Per cent 
of 

Tertiary 

genera 

Trees 

All trees of the park 

5 

1 59 

3 

, 

67 

93 

CoA^e Hardwood species 
sampled 

3 

■. 20 

5 

.28 

89 

Shrubs 

and woody vines 

1 0 

i 

7 ... 

3' 

10 

100 

Herbs 

Ferns 

0 

4 

3 

7 

100 

Flowers i 

19 

3 

54 

76 

75 

Totals 

CoA^e HardAvoods only ... 

23 

33 

65 

121 

81a 


a Using G-ray^s Manual names, the following higher percentages for Tertiary genera 
are obtained: All trees, 96; cove hardwood trees, 91; shi'ubs and Avoody vines, 100; ferns, 
100; flowering herbs, 80; all cove hardwood genera, 86. 


Using SmalFs generic designations, 93 per cent of all the arborescent genera 
of the Park undoubtedly go back to the Tertiary. For the cove hardwoods 
alone, we have the following results : 86 per cent of the tree genera, 100 per 
cent of the shrubs and woody vines, 100 per cent of the ferns, and 75 per 
cent of the flowering herbs are Tertiary. Of the 121 genera of all life-forms, 
81 per cent are Tertiary. If G-ray^S Manual genera are used instead of 
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Smairs, the Tertiary percentages are consistently higher, as indicated at tlie 
bottom of table 10. The percentage of endemism is eonspiciiously higher in 
the flowering herbs than in any other life-form. » 

It is not necessary to conclude that all American endemics not known 
from Cretaceous or Tertiary fossils are of recent origin. It is simply that 
there are no good means of ascertaining when these stocks arose. 

The following paragraphs present more details concerning the geo- 
graphic distributions of the genera under disenssion. The following genera 
of trees have modern areas with a major disjunction, being present in east- 
ern North America and Asia, and absent from Europe: Tsiiga, Eicoria, 
Magnolia, Liriodendron, Hamamelis, Liquidamhar, Gleditsia, Gladrastis, 
Saccharodendron, Sassafras, Benzoin, Nyssa, Aralia, Pieris, Halesia, Chio- 
nanthus, and Catalpa. To these 17 genera may be added, without taxonomic 
damage, Malachodendron, a finely drawn generic segregate of Stuartia 
(Stewartia) which occurs only in eastern North America and Japan. Also, 
according to Small, Kalmia consists of six North American species, but Dalla 
Torre and Harms recognize the genus also in western India. 

A somewhat longer list of genera is typical of the northern hemisphere, 
principally in temperate regions, and they occur on the continents of Amer- 
ica, Europe, and Asia. These genera belong in the same general group of 
ancient types as the above, but have not suffered as great a terrestrial dis- 
junction. Included here are Strobus, Finns, Picea, Abies, Popidus, Sahx, 
Garpinus, Ostrya, Betida, Alnus, Fagus, Gastanea, Qiiercits, Morns, Ulnms, 
Geltis, Platanus, Sorbus, Mains, Amelanchier, Grataegus, Primus, Padus, 
Gercis, Rhus, Ilex, Sfaphylea, Acer, Bufacer, Negundo, Rhamnns, Tilia, 
Glethra, Rhododendron, Gyanococcus, Diospyros, Fraxinns, Gatalpa, and 
Vihurnum. Again without serious taxonomic damage, to these 39 genera can 
be added Sabina, an American segregate of Jnniperns, W alUa, an American 
segregate of Juglans, and Svida and Gynoxylon, American segregates of 
Gornus. 

This leaves Asimina, Tulipastrum, Bobinia, Oxydendrum, and Baioden- 
dron as American endemics. Of these, Asimina is known from the Eocene 
and Pleistocene of the southeastern United States, Bobinia from the Miocene 
elsewhere, and Batodendron from the Pleistocene of the southeastern 
United States. 

A survey of the herbaceous flowering-plant genera s hows the f ollowing 
to hay^e, the typical AmericamAsijn disji|ncti<^ being abse nt from Surope, 
and frequently from western Asia and wj^stern America: Ttarella, Urticas- 
trum, Bicuculla, Panax, Mitchella, Ganlophyllum, Glayionia, Trilhmn, 
Osniorrhiza, Disporimi, Tovara, Arisaema, Podophyllum, Yagnera, Mitella, 
Diphylleia, Glint onia. Glycine, Hystrix, Meil>omia, a.iid Monotropa, 

To these 21 genera can be added 363 pre that have a circumboreal distri- 
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bution wbicli was midoixbtedly attained in Pre-Pleistoeene time; Ahme, 
Eryihronium, Aster, Dentaria, Anemone, Viola, Solidago, Eupatorhmu 
NcMiis* Oxalis, Eammcxihis, Po^^ Impatiens, Poa, 

§alnmi, CarexyHepatica, Veratrum, Gusciita, Sedum, Cryptotaenia, Geum, 
Perammm, Geranium, Lilnmi, Juncoides, Actea, Mieranthes, Cirtaea, Sene- 
CIO, J uncus, Thalictrum, Pamcum,, AscU^^^ and LysimacMa, 

Aceording to the information at hand, the following 19 genera are Amer- 
ican endemics, not having either the trans-Atl antic or the trans-Pacific dis- 
junction : Monarda, EudbecJcia, Hydrophyllum, Medeola, Phlox, Validal- 
liim, Xeniatrum, Chrosperma, Adicea, Syndesnwn, Campanulastrum, 
Phacelia, Zizia, Gymopkyllus, Collinsonia, Heuchera, Taenidia, Blepliilia, 
and Houstonia, This list is somewhat longer, being based on Small (1933) 
and the recognition of certain segregate genera, than if the genera accepted 
by Dalla Torre and Harms and Gray are used. For exam}>le, Validallium is 
a segregate of AlUmn, Adicea of Pilea, Syndesmon of Anemone, Campann- 
lastnim of Gampamila, and Cynwphyllus of Carex. Furthermore, Phlox is 
strictly American except for one species that extends from Alaska into 
Siberia and may have attained its range relatively recently. 

DISCUSSION 

-.A' The so-called Arctotertiary vegetation is known to have extended from 
Gree:nland over northern Europe to the northern Urals.. It extended also 
from the middle zone of Asia to Manchuria, Sachalin and northern Japan. 
In North America it is known to have occurred from Alaska to the Pacific 
Northwest, and in the Atlantic Northeast. The vegetation of this wdde region 
consisted of deciduous, siimmergreen trees (mesophanerophytes) with an 
admixture of evergreen conifers. It probably required a mean annual tem- 
perature of about 10° C. The more important genera of the forest include 
Fagus, Castanea, Ulmus, Almis, Betula, Corylus, Populus, Juglans, Car- 
piuns, Liquidamhar, Sequoia, and Ginhgo. Although herbaceous fossils are 
almost non-existent, except for a few aquatics, there are excellent reasons 
for believing that the deciduous broad-leaved forests had a well developed 
herbaceous layer very similar to that of today. 

The most illuminating and complete study of this problem is by Lippmaa 
(1938) , on the Galeohdolon-Asperxda-AsaruniAJnioii of Europe. This her- 
baceous union is composed of plants of the hemicryptophytic and crypto- 
phytic life-forms and requires relatively strong shade in summer, light in 
springtime during the flowering period, and a mild humus such as is formed 
under deciduous forest. Lippmaa eoneluded that it was no chance that the 
area of the Galeohdolon-JJiiion and its relative societies corresponds so well 
with the area of the temperate Tertiary forests. The herbaceous vegetation 
undoubtedly has had the same history as the mesophanerophytes, except that 
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• , TTnroDe the tree vegetation suffered more than the herbs during the glacial 
pertrihe lrea of the GaleoMolon-Vrnon and its counterparts nn.t have 
been as wide in the Tertiary as that of the forest formation with v^uch it 

“TippL n.»ke. w, ol detailed atialyees ol the t.»aomie tel.‘io.»ldp» 
of the cLracter and constant species of the Galeohdolon-V luon and of ^ 
tesent distributional patterns. He reached the following conclusions AU 
aaracter-speeies and constant-species of the GaleoMolon-Ai^im 
TTnion are ancient forest plants which are often of an isolated svs ■ 

^ ' a ,„Unt5P relatives dwell all over l^stern Asia, North Aiiunica, 

posiMii at t Caucasus and icuthem Burope. Several 

teCrteLtid hv species which today arc v« c«y td— 

Eastern Asia and North America p an floristicallv however, the 

species list is wholly differe ^ J ‘bhiders.’ On the other hand there is 
as i.rwmcMS Silvester occur as fl reo'ard to the elementary 

undoubtedly a very far-reaetag I ,amed unions, 

life-form which is this union ’sown. So, _f or e^ (Maiaaf/irnKm, aduc- 

th. Anemone life-form plays a very important _i ole 

Pari., Dmiarm, TrimM^, TMmm tt., heen 

It seems reasonable to conclude, i''""' “ ™ J pariwootl 

. presented, even without data concerning sp ? ^ example 

Lasts of the Great Smoky Mountams Natmn^ Park me the 

of temperate Tertiary forests to j botanist familiar 

probably in Eastern Asia. This much is S ^ ^ Smokies would 

Lth the modern flora of the Lts *>*' 

find himself "at home” among *»' aL The Prmcip.l 1™'- 

later Tertiary, could he be »“®P“*' ^Lneh temperate trees as Srgaoio 
ence would be in the presence in the forest o sue 

and GinJcgo, now very restricted. 

SUMMARY 

I, AU eatenslye list 0. epccies "P — — s SrPm: 

tfiXed^srirpr 

was found that fl7 per cent of 
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the 121 gunera (mostly woody iilants) are known as fossils from Cretaceous 

and Tertiary deposits of tlie soiitlieastem states. 

^ 3. Iir addition to those genera known to have been in the southeastern 
states during Pre-Pleistocene time, 54 per cent are probably as ancient as 
the middle or late Tertiary as shown by their modern areas. 

4. A break-down of the totals reveals the following percentages of Ter- 
tiary genera : 

a. All trees of the Park, 93 per cent of 67 genera; 

b. Cove hardwood trees sampled, 86 per cent of 28 genera; 

c. Cove hardwood shrubs sampled, 100 per cent of 10 genera; 

d. Cove hardwood ferns sampled, 100 per cent of 7 genera; 

e. Cove hardwood flowering herbs sampled, 75 per cent of 76 genera; 

f. All cove hardwood species sampled, 81 per cent of 121 genera. 

5. Species of most importance in the cove hardwood forests are almost 
exclusively members of genera of ancient origin. The forest dominants are 
exclusively of ancient origin, 

6. Species of American endemic genera are seldom of high constancy, 
frequency, or coverage in the cove hardwood forests. 

7. It is not known whether the Great Smoky Mountains flora is richer 
in ancient plant species than other North Temperate regions, because com- 
parable data are not available, but all evidence indicates that the cove hard- 
wood forests of the Southern Appalachians, which have their maximum 
development in the Smokies, are very similar to the rich, mesophytic, and 
once circumboreal Arctotertiary forests. 

The University of Tennessee 
Knoxville, Tennessee 
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A POLLEN STUDY OF TWO BOGS ON ORCAS ISLAND, 

" OF THE SAN JUAN ISLANDS, WASHINGTON^ 

Henry P. Hansen 

INTRODUCTION 

The San Juan Islands lie between the mainland of the state of Washing- 
ton and the southern end of Yaneoixver Island, about 75 miles from the 
Pacific Ocean through the Strait of Juan de Puca. Orcas Island is one of the 
largest and most northern of the group. It is about 11 miles in extent from 
east to west, and about 9 miles from north to south. The highest point is 
Mt. Constitution with an elevation of about 2400 feet. The San Juan Islands 
were glaciated during the Pleistocene (Bretz 1913), and the higher areas are 
rocky with little soil. Lower areas near sea level are covered with glacial drift 
and glacio-lacustrine and glacio-fluviatile deposits. The climate of the San 
Juan Islands is mild and somewhat drier than that of the Puget Lowland to 
the east and south. The mean annual precipitation at Olga, at the southern 
tip of Orcas Island, is about 29.5 inches, and at the north end of East Sound 
it is slightly over 30 inches. (Climatic Summary, U. S. D. A., 1936.) At San 
Juan, on San Juan Island, a few miles to the west and south, the mean 
annual precipitation is about 22.5 inches, while at Anaeortes on the mainland 
to the southeast it is about 27 inches. About 15 per cent of the jxreeipitation 
occurs during the growing season. In some areas the porosity of the soil per- 
mits rapid drainage, whereas in others the absence of much soil results in 
rapid run-off. The prevailing winds are from the west. 

LOCATION AND CHARACTERISTICS OP THE BOOS 

One of the bogs is located near the summit of Mt. Constitution on the 
northeastern part of the island, while the other is situated near sea level at 
the southern end of the island. There are several bogs on Mt. Constitution, 
one of which has been described by Rigg and Richardson (1934). The one of 
this study is several acres in extent and is covered largely with sedge {Car ex 
spp. and Cy penis sp.) and Labrador tea {Ledum groenlandiciim) , Other of 
the more common plants are hardback {Spiraea douglasii), salal {Gaidtheria 
skallon), cottongrass {Eriophorum chamissonis) , sundew {Drosera rotundi- 
foUa), and twinflower {Linnaea horealis americana). Trees on the bog in 
their apparent order of invasion are lodgepole pine {Pinus contorta), west- 
ern hemlock {Tsuga Jieterophylla) , and Sitka spruce {Picea sitchensis) , the 
first being* the most abundant. 

1 Published with the approval of the Monographs Publication Ooimnittee, Oregon 
State College, as Research Paper No. 72, School of Science, Department of Botany. 
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The lowland bog is situated at the west end of Killehrew Lake, about 
three-quarters mile north of Grindstone Bay, and about 10 miles southwest 
of Mt. Constitution. The lake supports various stages of hydrarch plant suc- 
cession, including submerged, floating, and cattail-bulrush assoeies. On tlie 
bog grow purple marshlocks (P ot entilla palustris), huekhem (Menyaiithes 
trifoliata), spike-rush (Eleocharis acwtdaris), and Dulichium ariindin- 
aceum. Many other species of bog and marsh plants are present, but those 
mentioned seem to be characteristic of the assoeies. 

Peat samples were obtained at quarter-meter intervals with a Hiller peat 
borer. The depth of the Mt. Constitution bog is 9 meters in the area of 
sampling, and the Killebrew Lake bog is 9.5 meters deep. A stratum of vol- 
canic ash occurs between 7 and 7.5 meters in the montane bog, and at 7 
meters in the lowland bog. Ash fragments are scattered throughout a half- 
meter thickness of peat, but are most abundant at these levels. The relative 
stratigraphic position of the ash layers is similar to that of most peat profiles 
in northern Washington, suggesting that the source of the ash was the same 
volcanic action. According to geologists, the most probable source is Glacier 
Peak in the Cascades of northern Washington. 

In the Mt. Constitution bog, fibrous peat occurs close tb the bottom under- 
lain by only a thin stratum of sand and silt resting directly on bedrock. This 
denotes that the proximity of the original pond to the summit of the moun- 
tain prevented the erosion of considerable sand and silt into it, which is 
often the case in Pacific Northwest bogs. The presence of pollen in these 
lowest levels, however, indicates that forest invasion of adjacent areas began 
soon after glacial retreat. The Killebrew Lake bog has a much greater thick- 
ness of silt and clay underlying the organic peat. In preparation of the peat 
for microscopic analysis, the potassium hydrate method was employed. Prom 
100 to 200 pollen grains were identified from each horizon. In identification 
of the winged conifer pollen, the size range method was used (Hansen 1941a, 
1941b, 1941c). The tables showing the percentages of conifer pollen and the 
number of non-significant pollen grains of herbs, grasses, and deciduous 
trees are omitted because of the unusual scarcity of the latter. Those species 
recorded as 1.5 per cent or less are shown on the diagram as 1 per cent. 

FORESTS OP THE SAN JUAN ISLANDS 

The San Juan Islands lie within the hemlock-cedar climax formation of 
the Coast Forest (Weaver & Clements 1938). Certain factors of the environ- 
ment, however, are apparently unfavorable for western hemlock and western 
red cedar {Thuja pUcata) to thrive as the principal dominants. These islands 
are also within the Humid Transition life area (Piper 1906). Forest typo 
maps (1936) show that the San Juan Islands are forested largely with sec- 
ond-growth Douglas fir and subalpine and noncommercial types. Mt. Con- 
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stitution is forested chiefly with lodgepole -pine (Pimis contort a), with some 
Bongla.^ &r (Psendotsuga taxifoUa) and western hemlock, and scattered 
speciinens of western white pine (Pimis monticola) and lowland white fir 
{AUes grandis) , The hills adjacent to the Killebrew Lake bog are forested 
with second-growth Douglas fir, and some hemlock, lowland white fir, west- 
ern red cedar, Sitka spruce, and western white pine. The most common 
broadleaf species are largeleaf maple {Acer macrophyllnm) , red alder 
{Almis ruhra), Sind cottonwood {Populus trichocarpa). In dry exposed, 
areas on the south slopes, Oregon white oak {Quercns garryana) ocmm, 
while the presence of prickly pear {Opuntia fragilis) reflects the dryness 
of the summers. 

In the hemlock-cedar formation of the Puget Lowland of western Wash- 
ington, Douglas fir persists as subclimax and the chief dominant because of 
recurring fire during the past (Munger 1940). Over much of the area desig- 
nated as being forested with this association, however, the environment is 
unfavorable for hemlock and cedar. In some of these areas Douglas fir thrives 
as the chief dominant even though fire does not occur. It is suggested that 
the climate is too dry for hemlock to supplant Douglas fir in the course of 
normal, uninterrupted forest succession (Munger 1940). The east slope of 
the Coast Range and the Willamette Valley of western Oregon are examples 
of such regions. Not only is hemlock practically absent at the present tiihe, 
but pollen profiles from these areas reveal that hemlock has played only a 
minor role during all or most of the post-Pleistocene (Hansen 1941a, 1942a). 
InsuflScient rainfall is perhaps the main factor inhibiting hemlock from 
superseding Douglas fir, even in the absence of fire, but the edaphic and 
topographic conditions may also exercise some control. The annual precipi- 
tation in the Willamette Valley is greater than in parts of the Puget Sound 
region, where hemlock does replace Douglas fir in normal forest succession. 
The summer precipitation, however, is slightly less and may be the limiting 
factor in preventing hemlock from invading and assuming predominance, 
A lower humidity and greater amount of evaporation during the growing 
season may also be contributing factors. On Orcas Island, then, it seems 
probable that the annual rainfall, which is slightly less than in the Puget 
Sound region, and the dry summers are responsible for the comparative 
absence of hemlock from the forest complex. On the higher parts of the 
island, the rocky terrain is undoubtedly an additional factor instrumental in 
its scarcity. 

POSTGLACIAL FOREST SUCCESSION 

In both areas lodgepole pine was the predominant species when the 
lowest pollen-bearing sediments were deposited. In the montane bog it is 
recorded as 71 per cent (fig. 1), and in the Killebrew Lake bog as 69 per cent 
(fig. 2). The initial postglacial invasion of lodgepole pine in these areas is 
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oonsisteiit with that of many other regions of the Pacific Northwest (Hansen 
ris 1939a 1939b, 1940a, 1940b, 1941a, 1942a). The trend of lodgepole pme 
fverf Sffi^ent in the two profiles. In the Mt. Constitution^bog, Icdgepok 
nile increases from the bottom to 90 per cent at 8 meters, the highest pro- 
portion to which it is recorded in any bog thus far studied. It shows a gen- 
!rll decrease from this maximum to the surface, fluctuating between 85 pei 
!;l?tT25 meters and 44 per cent at 1 meter, its lowest proportion of the 
' fik ifthL hicreases to 60 per cent at the top. In the Killebrew Lake 
uroL’ lodolpoie pine diminishes sharply from the bottom to only 7 per cent 
this horizon upward, it fluctuates between 12 and 4 
at 6.5 meteis Western white pine is 

awlX represLed, at tde bottom and is teootded as 20 »d 

between 12 and 1 per cent in the montane bog, and 14 and 1 pei 

^ppllas fir also differs in its successional trends as recorded in the tw 

m l tPc Mt Constitution bog, it is recorded as 3 per cent at the bot- 
profiles. In the Mt. Constiu s, meters (fig. 1) ■ H is then 

tom, and iuotnates between tbm „,ximnm 

reeorded ^ then deeiining to 15 per cent at 

lowest l.«l, a^Hne from this horizon to the surface. 

r^riUs^epresented b. 52 per cent of genera, 

trend »i Douglas hr. but it ^ and it then 
the profile (fig. 1 ) • Its maximu lowland bog, hemlock 

diminishes to 17 per cent at the uppCT increases lower in 

is recorded more abundantly, as is 7 , 5 , 6.5, 4.75, and 3.75 

the profile and attains proportions ^ m ^ 4 . ti^e top where it is repre- 

meters, and then reach higher proportions in the 

SLtre^.“g'M:Sisl— 

throughout the profile than m the rtions are Sitka spruce 

other forest toes corded mappr^^ ,he low- 

b«pnihtoCb.t;ne(rto:.cem.a^^ 


240 


[VoL. TO 


BULLETIN OP THE TORRE Y CLUB 

inland. Fir pollen is listed under the genus only, since the pollen of all 
species except lowland white fir is only sporadically present. The other spe- 
cies wliose pollen was noted are noble fir {AMes nohilis), silver fir {A, 
\mahilis), md alpine fir (A, lasiocarpa). None of these species was noted on 
Orcas Island, although they may have existed there in the past. Possible 
sources of their pollen are the other San Juan Islands, Vancouver Island, or 
the Olympic Peninsula, because of the prevailing westerly winds. Silver and 
alpine fir are common in the Olympic Mountains, but the occurrence of noble 



fir is not certain. Noble fir was reported by Sudworth (1908), but Jones 
(1936) in an extensive study of the flora of the Olympic Peninsula, was 
unable to find it. This does not exclude the possibility of its existence in the 
past, and pollen of this species was present in the upper levels of the profiles. 
A pollen study of a bog on the west side of the Olympic Peninsula also 
reveals the presence of noble fir pollen, but not in the uppermost level (Han- 
sen 1941d). Fir pollen is more consistently abundant in the Killebrew Lake 
bog, which is logical because lowland white fir thrives best in low, damp areas. 
The greatest proportion attained by fir pollen is 16 per cent at 7.25 meters 
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and at the surface in the lowland bog (fig. 2), whereas in the montane peat 
deposit it reaches a maximum of 11 per cent at 7 meters and is not present 
at all horizons (fig. 1). Mountain hemlock (Tsuga mertensiam) is s’poradi- 
eally represented in both profiles. Pollen of this species may have come from 
Vancouver Island or the Olympic Mountains, although it also may have 



Dep th In meters 

0.0 m~ 


ValcQnJc Ash ^ 


Fig. 2. Pollen profiles. Lake Killebrew bog. 

existed in the San Juan Islands earlier in post-Pleistocene time. Broadleaf 
trees represented by their pollen are red alder and largeleaf maple, both of 
which are more abundantly recorded in the Killebrew Lake bog. Sedge pollen 
increases and yellow pondlily pollen dimihishes in abundance upnaid in 
both profiles, marking the progress of hydrarch plant suuceession in the bog. 

INTERPRETATION OF THE POLLEN PROFILES 

The trend of postglacial forest succession in the lowland area of Orcas 
Island, as portrayed by the pollen profiles of the Killebre’w Lake bog, is some- 
what similar to that of the Puget Sound region (Hansen 1938, 1940a, 1941a). 
Pollen analyses of peat deposits there reveal that lodgepole pine was the 
pioneer postglacial invader and was rapidly^ supplanted by Douglas fir. 
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Western hemlock increased more gradually than Douglas fir, but eventually 
superseded the latter and remained slightly predominant until the advent 
^of whife man. In areas adjacent to Killebrew Lake, however, hemlock was 
""never so abundant as in the Puget Sound region, and Douglas fir has main- 
tained a wide degree of predominance since it superseded lodgepole pine. 
This substantiates the theory that the lack of moisture, particularly in dry 
summers, on Orcas Island, has prevented hemlock from reaching proportions 
similar to those in the Puget Sound region. The importance of abundant 
moisture for the development of hemlock is further corroborated by its pre- 
dominance in posLPleistoeene forest succession along the Oregon Coast, 
where the annual precipitation varies from 70 to over 100 inehes (Hansen 
1941c). 

On the summit of Mt. Constitution the thin soil mantle has probably been 
as important as moisture in controlling forest succession. In fact the rocky 
terrain, cansing rapid rnn-off, tends to accentuate the dearth of available 
WT'ater for tree growth. Glacial scour left little soil and only a thin layer of 
residual soil has developed since deglaciation. The much greater intolerance 
of lodgepole pine for shade than Douglas fir and hemlock, has been compen- 
sated for by the edaphic conditions unfavorable for the latter two species. 
Lodgepole pine has consequently been able to successfully compete with 
these species. That lodgepole pine is able to thrive under edaphic conditions 
adverse for other species is shown by its pioneer invasion of areas formerly 
covered by Pleistocene glaciers in Washington, young sand dunes on the 
Oregon Coast, climax bogs, pumice mantles in central Oregon, burns, and 
other edaphically disturbed regions (Hansen 1941c, 1942b, 1942c). 

There is little or no evidence for post-Pleistocene climatic trends in the 
forest succession as portrayed by the pollen profiles. The low proportion of 
hemlock pollen throughout both profiles in itself, however, denote that it has 
been too dry for its development to predominance, such as occurred in the 
Puget Sound region. The rather local representation of the surrounding 
forests in each respective bog, raises the question as to the size of an area 
that is represented by its tree pollen in a bog. The small size of the island, 
restricting the source of the pollen, may tend to accentuate this degree of 
localization. 

SUMMARY 

Pollen analyses of twm peat deposits on Orcas Island, Washington, reveal 
different trends of post-Pleistocene forest succession in their respective 
adjacent areas. In both bogs, lodgepole pine is recorded as having been the 
predominant, pioneer, postglacial invader. In areas surrounding the mon- 
tane bog, lodgepole pine maintained predominance throughout the post- 
glacial period to the present. The existing* forests are composed chiefly of 
lodgepole pine. In areas adjacent tO the qthor bog, near sea level, lodgepole 
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pine was early replaced by Douglas fir wbicli remained predominant during 
the rest of the post-Pleistocene. The San Juan Islands are Ideated within the 
hemlock-cedar climax, but hemlock neither superseded nor beeam*e nearly 
so abundant as Douglas fir during the postglacial. This was probably due to 
the low summer precipitation and the unfavorable edaphic conditions for 
hemlock. There is little evidence for climatic trends, and it is probable that 
the ocean has served to maintain an equable climate during postglacial time. 

Oregon State College 
Corvallis, Oregon 
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" PHYTOPHTHORA ROT OP BELLADONNA^ 

John T. Middleton 

INTRODUCTION 

With the increasing* trend toward the cultivation of pharmaceutical 
crops, a number of interesting plants and their diseases are encountered. 
One of the crops recently brought into cultivation again in southern Cali- 
fornia is belladonna, Airo'pa helladonna L. Of the diseases observed on this 
host, rot, principally of the root and stem, caused by Phytophthora parasitica 
Dastur, is the most important. 

Plantings of belladonna in southern California are confined to small 
plots, usually from 1 to 10 acres ; they are generally coastal and are to be 
found growing on a number of different soil types. On the heavy, poorly 
drained soils, root-rot is an important and often limiting factor in growth ; 
on the lighter, adequately drained soils, it is rarely observed and is of little 
concern. 

REVIEW OP LITERATURE 

The first record of a root-rot of Atropa belladonna is apparently from 
England, where Barker (1917-1918) reports a Phytophthora sp. to be 
responsible. Westerdijk and van Luijk (1920) later describe a root-rot of 
belladonna in the Netherlands and state that P. erythroseptica Pethyb. is the 
causal agent. Alcock (1926) records the oecurrenee of a stem-rot and wilt 
of belladonna in Scotland and attributes the trouble to P. erythroseptica var. 
atropae Alcock. Tucker (1931) does not consider this varietal segregation 
valid, however, and states that ^^the reasons for separating the Atropa strain 
are not very convincing, and, pending further evidence, the writer prefers 
to include it in P. erythroseptica,’’ 

Other organisms attack belladonna and cause effects which may be mis- 
taken for those of Phytophthora spp. Paris! (1921) reports that Thielavia 
basicola Zopf^ attacks belladonna in Italy, but adds that infected seedlings 
recover when planted in the open field in well-aerated soil. MacMillan (1941) 
reports damping-off of this host, due to Ehizoctonia sp. and to T. basicola, in 
California, and describes a root-rot attributed to Pusarium sp.; he states 
that the ‘^mycelium of Fusarium is usually found. . . No inoculations 
are recorded. 

A preliminary description of the root-rot caused by Phytophthora is 

■1 Paper No. 478, University of. GaU^ornia Citrus Experiment Station, Riverside, 
California. 

2 Pro])ably Thielaviop.Hif; 'basicola (Berk.) Eerraris, according to McCormick (1925, 
p. 551). 
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given by the author (1941) in a short article dealing with several diseases 
of belladonna in California^ 

SYMPTOMS OP THE DISEASE & 

The disease affects fibrous and fleshy roots, crowns, steins, and, to a lesser 
extent, leaves of the plant. The fungus attacks both fine and larger fibrous 
roots and causes brown, discolored areas which are at first firm but later 
become watersoaked and flaccid and subsequently die (fig. 1). The fleshy 
portion of the root is frequently parasitized ; it subsequently turns dark 
brown to black in color and becomes watersoaked and flaccid. Sunken, 
necrotic, longitudinally oriented areas, which progress upward into the 
stem, are often discernible on the outside of the exposed fleshy part of the 
root (fig. 2). 

As root infection progresses upward, other roots and often the crowns 
of the plants are attacked ; incipient shoots that are affected turn dark and 
die. Frequently the roots of a plant may be badly damaged while the crown 
remains fairly intact and sends out new shoots ; such plants may recover but 
are of little commercial value. Plants with naturally infected crowns invari- 
ably die, being unable to produce new roots; the shoots, becoming infected, 
turn brown and rot. Sometimes crowns become infected first, and the infec- 
tion progresses downward to the root and upward into the stem. 

Conspicuous, dark, slightly sunken necrotic areas are produced on in- 
fected stems. Stems so infected frequently show signs of wilting, the leaves 
turn yellow, and the plant eventually dies. 

Often plants which lack vigor, characterized by. yellowed leaves and by 
some signs of wilting, will show^ no signs of stem infection. But when such 
plants are dug and the soil is carefully washed away from the roots, only a 
few badly infected and discolored roots are found. Sometimes plants are 
observed to have an abnormally large number of sparsely foliated, slender 
shoots ; the roots and crowns of such plants have also been found to be badly 
diseased. 

Along the coast, under conditions of high relative humidity and w^arm 
air temperatures prevalent during the summer months and usually follow- 
ing a foggy period, young shoots and leaves of the plants are attacked, the 
affected parts collapsing on becoming watersoaked. Through leaf and stem 
infections the disease may spread throughout the planting. 

THE CAUSAL ORGANISM 

Phytophthora parasitica was readily obtained in pure culture wdien tis- 
sue plantings of bits of diseased material from the margin of necrotic areas, 
or from fairly recently infected roots of belladonna plants, w'ere made on 
cornmeal agar and on plain water agar. The fungus was identified by Dr. 
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Fia. 1. Phytophthoxa rot of belladonna: A, noninoeulated control; .gg“. 

Lnced on fibrous roots by Phytophthora parasi^a 16 days after „/roots 

LOuse 111 addition to the discolored areas on the roots, note the sma ^ (control* 

Uted plant. Pro. 2. Phytophtbora rot of ^nnai^;. 
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C. M. Tucker. Isolations were typical of the species. Fusariian sp|). \vc!*e 
sometimes obtained in conjunction with P. parasitica when infected tissue 
was taken from badly diseased portions of the plant and plated otj these ^ 
media. 

Sporangia of the fungus are typically acrogenous, are infreqiumtly inter- 
calary or borne laterally, and are ovate with a prominent apical papilla; 
they measure 23.6-49.8 p by 21.1-36.5 p, the mean 37.6 p by 31.0 p. Obgonia 
are acrogenous, intercalary or borne terminally on short lateral brantdies, 
and from spherical to slightly obovoid, with a smooth wall; in diaimUer, 
they measure 19.2-24.9 p, the mean 22.6 p. Antheridia are amphigynous. 
Oospores are thick- walled and smooth and largely fill the oog4)niai cavity; 
they measure 16.3-21.2 p, the mean 20.1 p, in diameter. 

The cardinal temperatures for growth are: minimum, 10° C; optimum, 
30-32.5° ; and maximum, 37.5°. 

These observations on morphology and temperature-growth relations are 
in conformity with those reported by Tucker (1931). 

PATHOGENICITY 

Cuttings originally rooted in a mixture of sterile soil and sand were 
transplanted to 6-ineh pots containing sterile potting soil, in the greenliouse. 
Pure cultures of the fungus, grown on a mixture of sterilized whole oats anti 
wheat, were addexi to the soil of one lot of 50 plants; sterile oats and wheat, 
only, were added to another lot of 10 plants. After 14-16 days, a few plants 
in pots infested with the fungus ceased growing and assumed a yellowed 
appearance. Twenty days after inoculation, all the fungus-inoculated plants 
had stopped growth, had become yellow, and showed signs of wilting (fig. 3) ; 
stem lesions became visible 23 days after inoculation. Plants grown in pots 
which received only the sterile-grain mixture remained healthy and con- 
tinued to grow. When the affected plants were removed from their pots and 
the soil was carefully washed away from the roots, lesions such as those 
observed on naturally infected plants were found in abundance. Isolations 
made from artificially infected stems and roots proved pathogenic upon 
reinoculation and produced symptoms indistinguishable from those caused 
by natural infection. 

This same procedure was employed with plant material derived from 
seed sown in sterile soil; the results were similar to those already described. 

Cultures of Fusarinm spp., isolated together with Phytophfhora para- 
sitica from diseased material, w^ere grown on the sterile-grain medium. Tliis 
inoculum was added to sterile soil in 6-ineh pots containing belladonna 
plants, according to the procedure outlined above. No visible symptoms of 
disease were observed after one month. Plants receiving this treatment were 
taken from their pots, and the soil was removed by washing in water; no 
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root necrosis was observed. It is concluded that the Fiisarmm spp. used in 
this test were not pathogenic to belladonna and did not contribute to the 
root-rot problem. 

Belladonna plants have been observed to damp-off. The fungi concerned 
are usually Pythium deharycmimi Hesse, P. irregulare Buis., and P. ultimnm 
Trow, though occasionally Phytophthora parasitica has been isolated from 


Fig. 3. Plvytophtliora rot of belladonna: A, noninoeulated control; B, symptoms pro- 
dueod by Phytophthora parasitica 22 days after inoculation in the greenhouse. 


such material. An experiment was devised to determine the ability of P. 
parasitica to cause damping-off of belladonna seedlings. A mixture of one- 
half sterilized soil and one-half fungus on whole-grain medium was placed 
in 10 sterile 6-inch pots ; this mixture was covered by a thin layer of sterile 
soil. Five pots contained a mixture of one-half sterilized soil and one-half 
sterile grain. Fifty belladonna seeds were sown in each of the 15 xiots. Four 
weeks later survival counts Avere made. In the 10 x^ots receiving the fungus, 
the surviving plants numbered ; 5, 3, 0, 0, 2, 9, 6, 0, 1, and 4, respectively ; 
in the 5 pots receiving sterile grain (control), the counts were: 37, 41, 26, 
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The pathog'enicity of the three Pi/f/mrai spp. was likewise tletenuiiuHl. 
The results showed greatest reduction in stand in the P. uUhnum series and 
less reduction in the eases of P. deharyaniim P. irregulare, ” , 

Field observations seem to indicate that one of tlie j)rincipal methods 
of spread of the disease is through stem and leaf infections of adjoining* 
plants, under conditions of warm air temperatures and high relative hiimith 
ity. To test this, 49 potted plants were placed in a square group in a moist 
chamber. Bits of agar containing mycelium and sporangia of Phijlaphthora 
parasitica were placed in the axils of young shoots on 4 plants comprising 
the corners of the square border about the center plant. The ciiamber was 
atomized continuously with sterile distilled water; light was supplied during 
the normal daylight hours. Within 3 days infection of the young slioots and 
attached leaves was observed; the disease began to spread on the fourth and 
fifth days. Within 10 days the central mass of plants and all but 7 of the 
marginal plants were infected, the shoots becoming discolored and wilted, 
the leaves watersoaked and collapsed. 

A similar experiment w^as arranged with 12 plants, in 3 I’ows of 4 j)ots 
each, the 2 center plants being inoculated as described above. After infect- 
tion had occurred and the disease had begun to spread, atomization was 
suspended and all plants were sprayed with 2-~2-'50 bordeaux and a wetting 
agent, the plants remaining in the moist chamber. The disease was cheeked, 
and no further spread occurred over the next 7 days, when the experiment 
was concluded. 

A similar experiment was set up using 14 plants. After the dis(^ase began 
to spread, 2 slightly infected plants were removed to another moist elmmber 
which was wet but not atomized. The other 12 plants were treated exactly 
as in the previous test. Whereas the disease wms checked by the application 
of bordeaux in the lot of 12 plants, the disease continued to spread in the 
plants which were not sprayed or atomized. Similar results were obtained 
by using 2-3-50 burgundy and 1.5-100 yellow cuprous oxide witii wetting 
agent. 

CONTROL 

No experiments were conducted to determine the origin of infection in 
field plantings of belladonna, but infection is apparently accom])lished in at 
least two ways: (1) through natural infection of healthy plants by the 
fungus previously established in the planting area and (2) throiigli the 
introduction of diseased transplants. The last condition may be controlled 
through use of seedlings grown in sterile soil. 

From field observations it is very evident that belladonna suffers severely 
from root-rot when grown on heavy soils. The disease also becomes very seri- 
ous when an overhead irrigation system is employed. Plantings can be sue- 
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3 >ssfiil},y grown in light soils which are adequately drained and fnrrow- 
•rigated rather than sprinkled. The spread of the disease may be substan- 
ally reduced through abolishment of the overhead type of irrigation. 

Where the disease is established and fungicidal control is necessary, 
-2-50 bordeaux, 2-3-50 burgundy, or 1.5-100 cuprous oxide, with a suit- 
ble wntting agent, may be employed to arrest aerial development of the 
lisease. 

Damping-off of belladonna may be satisfactorily controlled by seeding 
n sterile soil, fumigated either with carbon disulfide or with chloropicrin, 
)r steam-pasteurized or autoclaved ; sterile pots or flats should also be used. 
In watering, care should be exercised to avoid splashing water and soil from 
adjacent unsterilized plant eontainers. Preliminary investigations in which 
cuprous oxide, ethyl mercury phosphate, and tetrachloro-parabeiizoquinone 
were used as seed protectants, were rather umsatisfaetory, none of these 
jnaterials effeeting adequate control of damping-off. 

SUMMARY • 

Phytophthora rot of belladonna belladonna Jj.), occurring in 

California and affecting roots, crowns, stems, and leaves, is described. This 
is apparently the first detailed account of a Phytophthora rot of this host 
in the United States. 

The causal organism has been identified as Phytophthora parasitica 
Dastiir. The morphology of the fungus is typical of the species. The cardinal 
temperatures for growth are : minimum, 10° C ; optimum 30° to 32.5° ; and 
maximum, 37.5°. The pathogenicity of the fungus to mature and seedling 
plants has been established. 

Control of the disease may be afforded by planting on light, well-drained 
soils and by the use of the furrow method of irrigation; overhead irrigation 
should be avoided. Control of the spread of the disease may be accomplished 
through abolishment of the overhead system of irrigation and the applica- 
tion of bordeaux, burgundy, or cuprous oxide with a suitable 'wetting agent. 

The ability of Phytophthora parasitica and of Pythium debaryannm 
Hesse, P. irregidare Buis., and P. ultimum Trow to cause damping-off of 
belladonna is likewuse described, and the pathogenicity of the fungi is estab- 
lished. Damping-off may be controlled by seeding in sterile soil in sterilized 
containers. Three materials used as seed-protectant dusts did not effectively 
control damping- off'. 
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THE MORPHOLOGICAL NATURE OF THE PHOTOSYN- 
THETIC ORGANS OF ORCHYLLIUM ENDRESII AS 
INDICATED BY THEIR VASCULAR STRUCTURE^ 

W. G. McIntyre and M. A. Chrysler 

In spite of the notoriety attained by the ''bladders’^ of the gmiis Vtricu- 
aria^ the morphological nature of the various organs remains unsettled. The 
iquatie habit appears to have brought about specialization accompanied by 
'eduction. For this reason a mere inspection of the organs and even a eom- 
larison of organs in the different genera has led to sharp disagreement. This 
is illustrated by the selected references which follow. 

Schimper (1882) reported his studies on Utriciilaria corniUa^ a North 
American species found along the edges of swamps or on hummocks in moist 
places. He regarded the underground portions of this plant as branches of 
the main stem. Certain minute green blade-like organs arising from slender 
subterranean bi'anehes he considered to be of caulome nature. 

Schenck (1887) appears to have been the first to have access to a species 
in which vascular tissues are fairly well developed. He described and pre- 
sented good figures of the structure of the various organs in U. montanu, an 
epiphytic species from the West Indies. He obviously was not impressed by 
the concentric structure of the ^^BlattstieP’ nor its resemblance to the in- 
florescence axis, but assumed that the blade-shaped organs are leaves. 

Ridley (1888), while describing a specimen of U. bryophylla^ a small ter- 
restrial species from South Africa, held that the leaf dike organs are of 
caulome nature because some become narrow toward the tip and continue as 
bladder-bearing branches. 

From a study of the South American genus Oenlisea and several small 
terrestrial utricularias, Goebel (1898) concluded that all of the lateral 
organs are modified leaves, that is, all the organs which function as roots 
and stems are derived from leaves which have become first tubular and then 
solid branching structures. 

In the present study an attempt is made to use the criterion of anatomi- 
cal structure as exhibited in the Costa Rican species Orchyllium Ench-^esU 
(Rchb. f.) Barnhart, suitably preserved material of which was secured by the 
second writer in the summer of 1940. Sections were prepared by paraffin and 
celloidin methods, serial sections being used when desirable. Crystal violet 
followed by erythrosin was found valuable for differentiating the slightly 
lignified vessels. 

1 Publication of Bureau of Biological Beseareb^ Butgers University. 
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)iie to five flowers. The large size of the latter (30-40 mm. in width) and 
iieir orchid-like appearance as well as the almost epiphytic habit of the 
olant sifggested the name to Barnhart (1916) when he segre- 

gated the germs from IJtriciilaria, Scattered along the axis are several simple 
Lanceolate bracts and at the base of each pedicel are a bract and a pair of 
bracteoles. The axis forms a vertical extension of the short subterranean stem, 
which has the appearance of being niiicli condensed. From this stem arise 
organs of four kinds: (1) the inflorescence axis already mentioned; (2) one 
or two vertically disposed photosynthetie organs — ^the so-called leaves; (3) 
several delicate horizontal or downwardly directed branches bearing minute 
but perfect ''bladders’’ and functioning as absorbing organs in default of 
true roots ; (4) several stouter branches each of which swells into a trans- 
lucent tuber 5-8 mm. in diameter and then continues like (3). 

The blade of each "leaf” has a length of 40-60 mm. and width of 10-20 
mm., is from lanceolate to ovate in shai^e with the tip acute and the base 
tapering into the stalk -which may have a length of 30-60 mm. There is a 
pronounced midrib, from which at an acute angle diverge veins -which anasto- 
mose with one another. The whole organ is inclined to be stiff. 

It will now be in place to examine the internal structure of the chief 
organs. The most conspicuous feature of the rhizome is the wide and thick- 
walled middle layer of the cortex (figs. 1-4), bounded inwardly and out- 
wardly by narrow layers of thin- walled cells. The epidermis is studded with 
sac-shaped absorbing hairs. An endodermis is hard to demonstrate, but cells 
showing a Caspary’s band when treated with safranin and fast green form 
a much interrupted ring bounding the central cylinder. In the stele it will 
be noticed that the vessels are distributed through an annular zone among 
thin-walled cells. All of them are narrow (15-30 g) with spiral or reticulate 
thickening. Groups of delicate phloem cells (unstained in figures 1-4 but 
clearly shown in figure 6 representing the inflorescence axis) are scattered 
through the stele without reference to the xylem. Toward the base of the 
rhizome the vessels are more or less grouped into bundles with which phloem 
groups are oceasionally associated. The endodermis moreover is readily iden- 
tified in this region. These observations appear to indicate that the more 
scattered condition of the vessels and discontinuous nature of the endodermis 
are due to dilation of the stele. 

Explanation of figures 5-10 

Fig. 5. Transverse section through inflorescence axis, x 45. Fig. 6 . Part of same 
section. xl75. Six vessels and several phloem groups are shown. Fig. 7. Trans see. 
through midrih of photosynthetic organ, x 100, Fig. 8 . Part of same section, x 235. 
Eight vessels, also large and small phloem groups, are shown. Fig. 9. Blade of photo- 
synthetie organ,' showing at left a branch of the stele, at lower right a stoma, x 105. 
Fig. 10. Inflorescence axis at level of exit of the three traces which supply one of the 
bracts, x 55. 
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As tlie rliizome passes into the infloreseence axis (fig. 5) the cortex loses 
[s thick-walled character and consists of four or five layers of parenchyma 
ells liberally provided with intercellular spaces which are associated with 
toiiiata. The stele takes on a new feature, namely, a thick-walled zone about 
Lve cells in thickness and lying immediately beneath a clearly marked endo- 
lermis. This mechanical layer shades off into the pith. The xylem (fig. 6) 
nntinnes the annular arrangement characteristic of the rhizome, but the 
/essels are much less numerous, while a few are to be found in the middle 
;*egion of the stele; all are thin- walled and poorly lignified but show clearly 
vhen stained with crystal violet. The phloem groups are very numerous, 
mile small ones occurring in the mechanical layer and extending quite to 
ds outer edge while several large groups may be present in the middle region 
af the stele. Thus the vascular tissues of rhizome and inflorescenee axis cor- 
respond while differing in detail. That the unusual arrangement of the vas- 
cular elements is characteristic of IJtriciilaria sec. Orchidoides (= Orchyllmm 
Barnh.) is indicated by Schenck's (1887) figure 5 of the infioreseenee axis 
in IJ. montana. The situation of the vessels among thin-walled cells is a sign 
of reduction from a more or less continuous xylem cylinder, which reduction 
is carried so far in the aquatic species that xylem is scarcely discernible. The 
position of the phloem groups may be interpreted as an extension of the 
tendency to produce additional phloem groups seen in various members of 
Solanaceae, Convolvulaceae, and several other sympetalous families. 

When we turn to the photosynthetic organs, figure 7 shows the appear- 
ance at the level of expansion from stalk to blade. Beneath the epidermis a 
cortex 4~5 cell layers in thickness is folloAved by a definite endodermis and a 
mechanical ring consisting of a few thick- walled layers shading off to the 
thin-walled cells of the axial ground tissue. This region shows very thin- 
walled isolated vessels in a peripheral zone, a few in a more central position, 
and larger or smaller groups of delicate phloem cells scattered through the 
ground tissue but in this organ rarely invading the mechanical layer, so far 
as our observations indicate. Several rather large phloem groups are apt to 
occur in the central region. Longitudinal sections show that the thickenings 
of the vessels are of the annular, spiral, and reticulate types, all very poorly 
lignified. Thus point by point the vascular tissues corrsepond in arrangement 
and structure with those found in the stele of the inflorescence axis. Surely 
it is just as proper to call the area enclosed by the endodermis a stele as in 
the two regions of the stem. Small portions of the stele are pinched off* to 
supply the veins of the lamina ; the largest of these have a nearly complete 
mechanical sheath surrounding a very poorly developed central xylem and 
three or four small peripheral phloem groups; smaller veins show dorsal and 
ventral mechanical areas, the former frequently being the smaller of the two, 
with the phloem groups persisting on the flanks. The strands hence resemble 
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steles ratlier than collateral bundles. The blade (fig. 9) presents the follow- 
ing layers : (1) an upper epidermis which may have a few glandular hairs 
of the type occurring on the rhizome • (2) four or five layers of nearly cubical 
cells, the inner ones containing chloroplasts and reminding one of poorl/ 
developed palisade ; (3) a spongy layer occupying most of the tliickness of 
the organ ; (4) a lower epidermis with stomata of an unspeeialized type and 
glandular hairs in larger numbers than on the upper surface. Obviously the 
blade would pass for a leaf were it not for the stelar nature of the Avascular 
structures and the similarity of these to the ones found in the stem. It should 
be remarked that the dorsiventral structure of the blade need not enter into 
the argument, in view of the fact that the unquestioned flat branches of 
Phylloeladiis bear far more stomata on the lower side and show a palisade 
toward the upper side. These features are to be regarded as strictly eco- 
logical. 

Schenck\s figure 11 (1887) representing the ‘^mid-rib of the leaf” of 
U. montarui resembles our figure 7 except that in the former the vessels are 
somewhat less evenly distributed. Hovelaeque ( 1887) has undertaken to 
interpret Sehenck^s figure 6, representing a runner, as showing an are- 
formed grouping of the vessels, hence the runner is a phyllome, not a caulome 
as Schenck held. Realizing that all evidence of dorsiventrality should be con- 
sidered, and that some of the small vessels may easily be overlooked, we have 
outlined under high magnification Avith camera lucida the set of vessels 
occurring in the section photographed in figure 7. Thirty-four undoubted 
vessels Avere found, all but four of them making up an interrupted ring- 
formed zone, not in any Avay suggesting an arc. The phloem in our figure 
looks a trifle suspicious, shoAving four large groups more or less on an axis 
running at right angles to the Avidth of the blade, but the illusion is dis- 
pelled by a glance at other sections, which show that the phloem groups 
anastomose so as to present A^arious arrangements. Hovelacque’s argument 
hence appears to have no application to 0. Endrest% Avhich is probably a 
more primitiA^e plant than U. monta-na because the former has a better devel- 
oped primary axis and simpler branches. 

Additional light on the morphological status of the photosynthetic organ 
is afforded by examination of the region where it branches off from the 
rhizome. Figures 1-4 represent sections selected from a series taken through 
the stem. Reference is made to the legend, which sufficiently indicates tliat 
the Arisen] a r system of the so-called leaf arises as a concentric group, not a 
collateral one ; that is, we are here dealing Avith a flattened branch, not a leaf. 
It is instruetiA^e to compare these sections with those cut from an inflorescence 
axis at the level of origin of one of the bracts. In spite of its small size the 
bract is supplied by three vascular bundles, arising separately from the stele 
of the axis (fig. 10), the median bundle being larger than the laterals. It 
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ill be recalled tliat this is the typical mode of origin of the vascular supply 
■ a leaf. The contrast between figures 10 and 3 is sufficiently striking. In 
sctions* through a bract the median bundle is represented by 4-6 vessels 
:ranged in a broken row parallel with the surface of the bract; applied 
oaxially to these several minute groups of phloem; finally a conspicuous 
land of meehanieal fibres — essentially a collateral bundle. 

Plainly has not entirely lost the power of producing leaves, 

nd these are unmistakable when they do occur. It would naturally be grati- 
vung to find a leaf or bract subtending a photosynthetic organ, comparable 
ith the bract occurring at the base of each cladophyll in Btiscus, but nothing 
f the kind appears to be present. This seems to be one of the features of 
eduction in this very specialized subterranean organ. It will be recalled that 
be bract which usually subtends each flower of a raceme is typically absent 
a Cruciferae. 

Petioles showing a stele-like bundle are of course known in different 
:roups of plants; for example, several species of the fern genus. GZcm/? emu 
how a concentric arrangement of xylem and phloem and even a pith area 
n certain regions of the leaf axis; but this represents a pseudostele, formed 
)y fusion of the edges of a C-shaped leaf trace, as was pointed out hy Jeffrey 
ind others. Likewise the concentric structure seen in the petiolar bundle of 
some species of Primula has been shown by Gwynne-Vaughan (1897) to be 
;he result of the same process as occurs in Gleichenia. In Orchyllium^^ how- 
ever, the concentric trace supplying the photosynthetic organ arises in a 
.^uite different manner, as we have shown. 

In view of the evidence derived from internal structure, the inference 
appears inescaiDable that in Orchyllkm the photosynthetic organs are not 
[eaves but flattened stems of limited growth, hence the name cladode is appli- 
cable. Naturally the early students of the bladderworts interpreted the 
organs by comparing the external form in various species and genera. Even 
Schenck, who made a careful study of U. moniana, apparently failed to per- 
ceive the implication of the vascular structures exhibited in this close rela- 
tive of 0, Endresii, for without comment he called the green organs ''leaves.’’ 
But this was in 1887. Meanwhile it has come to be realized that the vascular 
parts of a plant are less liable to modification by reason of changes in the 
environment than is the external form. Hence the vascular anatomy fur- 
nishes one of the most reliable criteria for establishing morphological con- 
cepts and for determining relationships. Goebel was an earnest student of 
the group, but even in his later contributions paid scant attention to vascular 
structures. He reached the somewhat disconcerting conclusion that in XJtri- 
cnlaria and its allies*, "kurtz es ist das gewohnliche Schema der Organbild- 
ung hier ganz fiber den Haufen geworfen. ” (Goebel 1898, p. 446) . His trans- 
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lators liave rendered tlie last phrase as jumbled,” which pr()!)ably expresses 
the meaiiiiig* rather mildly. 

The anatomical evidence furnished by such terrestrial species as O. 
Endresii and U. montana is so consistent that it becomes proba!>}e tliat the' 
small green blade-like organs arising from the creeping stem of V, cormtia 
are also of caiilome nature, as was suggested by Sehimper (1882) . Barnliart 's 
study of the family led him on the basis of external features such as bracts 
to place his new geims OrcJiyllm^^^ next to Eafiuesque’s genus 
which includes the former U. cormita and other species. These near-a(iuatics 
naturally have practical^ no vascular tissues, but have in all probability 
been derived from terrestrial plants, so that the systematic x>osition of 
Stomoisia and other segregates may be significant. 

We are not prepared however to extend the eiadode theory to all mem- 
bers of the family. The vascular structures in the different genera sliow con- 
siderable differences. Thus Van Tieghem (1869) reported that in U. vulgaris 
the stele has a narrow central vessel surrounded by elongated cells contain- 
ing a granular liquid. This is a reduced condition of the xylem which is 
shown by other aquatics, e.g., Elodea, Dangeard and Barbe (1887) observed 
in Pingidcula the condition which they called polystely and compare<l with 
the similar condition in Primula Auricula. Merl (1915) furnished an account 
of the anatomy of several species of Genlisea^ finding in all a selereuchy- 
matous ring surrounding a circular series of phloem groups, with vessels 
distributed through the pith. It will be noticed that none of these plants 
has an arrangement of vascular tissues like that described by Sehenek (1887) 
and the present writers. In view of this diversity in the vascular tissues, it 
would be unwarranted to claim that eladodes occur throughout the family. 
Pinguiculaf Genlisea, and Utricularia are so different in various respects 
that the family must have had a long history which is at present unknown. 
Goebel may well be correct in regarding all the organs of Genlisea as modi- 
fied leaves, but the observations presented in this paper strongly support tlie 
earlier view of Sehimper and others that the flattened organs in Utricularia, 
sensu latOy are of the nature of branches. 

SUMMARY 

The problem of the morphological nature of the pliotosynthetic organs iii 
Utricularia is approached from the point of view of vascular structure in 
the terrestrial tropical OrchylUum Endresii. In this species the vascular 
tissues are fairly well developed, and so-called leaves are conspicuous organs. 

The stele of the underground stem presents a ring-formed group of ves- 
sels interspersed in much parenchyma, and numerous small groups of phloem 
cells scattered through the stele. The inflorescence axis has a similar struc- 
ture, with vessels more scattered. The stalk of the '"leaf” is constructed 
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linost exactly like tlie preceding organ, and its vascular supply arises from 
re stele of the stem as a concentric rather than collateral organ. 

The. only organs with leaf structure are the bracts on the inflorescence 
xis. The vascular supply of a bract consists of a median and two smaller 
ateral bundles arising separately from the stele of the inflorescence axis. 

These observations indicate that the so-called leaf of Orckyllmm is to be 
■egarded as a specialized branch or cladode. It is suggested that cladodes 
nay be present in aquatic members of the family in which vascular tissues 
ire reduced to the vanishing point 

Department op Botany, Kutgers University 
New Brunswick, New Jersey 
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POLYPLOIDY IN SEBUM PULCHELLUM— II. * 
STOMATAL SIZE AND FREQUENCY^ 

Harriet E. Smith 

WitLiii recent years it lias been found that in many groups of plants 
polyploids can be distinguished from diploids by comparing the size and 
frequency of stomata. An increase in chromosome number is accompanied 
by an increase in stomatal size and a decrease in stomatal frequency in Zea 
(Randolph 1932, 1935), Tradescantia (Sax & Sax 1937), Coffea (Franco 
1939), and other genera. It has been suggested that such a relationship be- 
tween stomata and chromosome number would aid in detecting polyploid 
races in herbarium material, and stomatal size and frequency have actually 
been so used as criteria for polyploidy (Babcock & Stebbins 1938; Stebbins 
1939; Sax & Sax 1937). This also offers a ready clue toward determining 
polyploid races of living plants. 

To ascertain the size and frequency of stomata in Sedum fndchelluni, 
studies were made on the diploid (2^ = 22), tetraploid (2 h = 44), and hexa- 
ploid (2u = 66) races. Counts were made on the diploid for 19 plants from 
16 locations, on the tetraploid for 19 plants from 12 locations, and on the 
hexaploid for 12 plants from 3 locations.^ The chromosome counts were 
made by J. T. Baldwin, Jr., from aceto-carmine smears of roots and leaves, 
and some from Nawaschin-fixed, crystal-violet-stained sections of roots. 

Since environmental conditions and position of leaf on the plant have 
been found to affect the size and distribution of stomata in some species 
(Franco 1939; Hirano 1931), the plants studied were grown under uniform 
conditions and counts were made only from basal juvenile leaves of plants 
at a uniform stage of development. Although preliminary observations in- 
dicated that stomatal size and frequency do not vary appreciably in the 
same leaf in Sedum pidchelUim, an attempt was made always to take tlie 
count from the middle portion of the lower epidermis of the leaf. 

Lloyd’s method (Lloyd 1908) for measuring stomata was used : the lower 
ei-iidermis was stripped from the leaf and fixed at once in absolute alcohol 
(Lloyd found no measurable shrinkage of stomatal size under this treat- 
ment). Measurements of five open stomata on each leaf were made with an 
eyepiece micrometer, a Spencer microscope with a 10 x ocular and 44 x 
objective being used ; stomatal counts were made with a 10 x ocular and 

1 Papers from the Department of Botany of the University of Michigan, No.^ 816. 

2 Collections were made by: J. T. Baldwin, Ir., Jean M. Campbell, L. M. Dickerson, 
B. M. Harper, A. M. Harvill, Milton Hopkins, D. W. Moore, H. T. Shacklettc, J. A. Steyer- 
mark, Mary E. Wharton. 
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.0 X objective j the total number of stomata per microscopic field was deter- 
nined and the statistical comparison of races was based on the number of 
domata per field. The numbers were converted later to number of stomata 
per square millimeter. 

Individual plants in each race vary so greatly morphologically that it * 

would be hazardous to judge the degree of polyploidy by the general appear- 
ance of a single plant ; however^ when large numbers of plants of different 
races are studied, racial differences can be discovered. In the diploid, the 
juvenile leaves are small and densely crowded, giving the plant a compact 
appearance. In the tetraploid, leaves are slightly darker in color, larger, 
and not so densely crowded. The tetraploids appear to be healthiest and I 

most vigorous. Hexaploid leaves are broadest, and in length are intermediate 
between those of the dijiloid and the tetraploid (fig. 1). The hexaploid has f 



Fig. 1. Primary and secondary juvenile leaves of Seclnm pulchellum. 1. Primary leaf 
of diploid, 2n=:22. 2. Secondary leaf of diploid. .3. Primary leaf of tetraploid, = 44. 
4. Secondary leaf of tetraploid. 5. Primary leaf of hexaploid, 2n = 66. 6. Secondary leaf 
of hexaploid. All x 2. 

fewer but longer stems than the tetraploid, giving the hexaploid a more 
diffuse appearance. Measurements of mature leaves are being analysed sta- 
tistically and will be published later. Diploids mature and flower earlier 
than the other two races. The three races occupy different geographical 
regions (Baldwin 1942). 

Stomatal size was found to vary directly with chromosome number, and 
stomatal frequency inversely with chromosome number (table 1). The dif- 
ferences in the means of the different races all give very high values of f, 


TABLE 1. Stomatal Size and Frequency in Sedum pulchellum 


Chromosome 

number 

Number of 
plants 

Mean stomatal 
size in p. 

Mean number 
of stomata 
per field 

Mean number 
of stomata 
per scj. mm. 

2n-22 

19 

269 + 3 

83.3 +2.125 

697 

29^ = 44 

19 

457 + 8 

53.6 +1.005 

449 

2nr= 66 

12 

575 + 6 

42.75 + 1 5 

358 
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the smallest being # = 6 ; therefore these differences are statistically highly 
significant. 

It must be emphasized that environmental conditions and othervfactors 

. ■ ■ ft 

as well as cliroinosome number can strongly influence the frequency of 
stomata. In an attempt to learn how polyploidy exerts effect, therefore, it 
should be wortli while to study the influence of environment upon the size 
and distribution of stomata. Yapp (1912), Salisbury (1927), and Maximov 
(1929) have found stomatal frequency to be correlated ne<ratively with 
water supply : sun leaves have more stomata per unit area than shade leaves; 
plants grown under dry conditions have more stomata than those under 
humid conditions ; upper leaves of many herbs and shrubs have more stomata 
than lower leaves, the upper leaves being* farther from tlie source of water 
supply. Yapp and Salisbury consider high stomatal frequency to be a xero- 
morphie character. Maximov and Salisbury have found that in plants having 
more stomata on the upper leaves than on the lower ones, the upper leaves 
have a greater osmotic pressure than the lower ones. Thus higli stomatal 
frequency appears to be correlated with liigh osmotic pressure. Ya])p and 
Maximov in discussing the cause of high stomatal frequency in the upper 
leaves of a plant advance the theory that high stomatal frequency is actually 
caused by high osmotic pressure in the leaf while the leaf is developing and 
expanding. Although in this study on Sedum no attempt has been made as 
yet to determine osmotic pressures of the different chromosome races, Becker 
(1931), working with mosses, found osmotic pressure to be inversely pro- 
portional to chromosome number. If this should be found to be a general 
characteristic of polyploidy, then the high stomatal frequencies of the 
diploids and low frequencies of the hexaploids would be correlated with 
differences in osmotic pressure and woidd, accordingly, agree with Yapp’s 
theory. 

The ecological signiflcance of stomatal size and frequency is somewhat 
uncertain. Salisbury (1927), in his study on the ecological significance of 
stomatal frequency, concludes that since the correlation between number 
of stomata and humidity is negative, stomatal frequency has no adaptational 
significance in relation to transpiration or assimilation. Yapp (1912), on 
purely theoretical grounds, concludes that the transpiration rate through 
the smaller but more numerous stomata of xeromorphic leaves should not 
be much greater than that through the larger but fewer stomata of less xero- 
morphic leaves, but Smith (1941) has found a significant positive correlation 
between stomatal frequency and transpiration in PhaseoiuH vulgaris, 

SUMMARY 

Stomatal size and frequency in juvenile leaves of three races of Sedum 
imlcliellum were determined: stomatal frequency varies inversely with 
chromosome number ; stomatal size varies directly with chromosome number. 
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When grown nncler constant environmental conditions, the three races 
differ morphologically, but there is also great variation within each race. 

A possible relationship between chromosome number, osmotic pressure, 
and stomatal size and frequency is suggested. 

The ecological significance of stomatal size and frequency is uncertain. 
Department op Botany, University op Michigan 
Ann Arbor, Michigan 
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THE NORTH AMERICAN SPECIES OF ERIGERON CENTERING. 
ABOUT E. SPECIOSUS (LINDL.) DC. AND 
E. GLABELLUS NUTT. 

Arthur Cronquist 

In tlie course of preparing* a reyision of tlie Nortli American sp(‘cies of 
Erigeron, I tliink it adyisable to place the following treatment of some west- 
ern species on record, in order that certain names and combinations may be 
made available for use. Citation of specimens, and discussions of phylogeny 
and evolutionary trends, are reserved for inclusion in a later more (‘xtetisive 
work. 

This study is intended to include the biennial and perennial North Amer- 
ican species of Erigeron that have double pappus and erect stems with broad 
cauline leaves, exclusive of E. pMladelphicus L. and its immediate relatives. 
Roughly, it includes the sections Macra7ithi^ Glahelli, and Ai<peri of Dr. 
Rydberg’s treatments. These forms constitute an entirely natural gi'oiip. 

As in many genera of the Composiiae^ complete morpliologic discon- 
tinuity between species does not always exist. Intermediates can be found 
between forms that by any reasonable taxonomic system must be recognized 
as valid species. Those units which are comparatively distinct from other 
units, and whose subunits, if any, all share some common character or char- 
acters not found in closely related units, have been recognized as s|)ecies. 
Geographic distribution of each of the gimupsU'ecognized as a spedes is fairly 
continuous. 

Following immediately on the question of specific criteria is the problem 
of intraspeeific units. I wush to place on record here my concept of these. 

Sulspecies: An intraspeeific unit, more or less genetically continuous 
through time because of a tendency for its individuals to breed largely 
among themselves, wdiieh occupies a largely distinct range of its own, and 
intergrades with other units where their ranges meet j or, a group of \^arieties 
that are more closely related to each other than to other varieties of the 
species. 

Variety: An intraspeeific unit, more or less genetically continuous 
through time because of a tendency for its individuals to breed largely 
among themselves, which shares a large part of its range wuth similar units, 
or wdiich occurs anywhere within the range of a given species or subspecies. 

Form: A minor intraspeeific unit which occurs sporadically through part 
or all of the range of a species or major intraspeeific unit, does not oc'cupy 
any sizeable area to the exclusion of other individuals of the species, and 
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whose individuals show no obvious tendency, other than that induced solely 
by proximity, to breed largely among themselves. 

Inhiny monographic work, the nomenclaturally typical unit of a species 
should receive the conventional varietal or subspecific epithet if there are 
any major units within the species. It is not desirable, however, to grant the 
typical unit an epithet as a forma, unless, as is not usually done, all of the 
formae of that species are treated and named. 

It is my conception that any real subspecies or variety will probably have 
some habitat preferences or peculiarities of its own developed to a greater or 
lesser degree, so that it is not necessary to grant subspecific status to ecotypes 
which are not geographically segregated. 

The criteria used in this treatment are mostly external and superficial, 
such as the width of the phyllaries, size and distribution of the leaves, and 
pubescence. Width of the phyllaries, hitherto apparently almost totally dis- 
regarded, seems to be of considerable importance. Each of the species varies 
about its own mean, with the extremes commonly overlapping the extremes 
of certain other species. The width of the phyllaries is particularly helpful 
in distinguishing doubtful forms of E, stiperhus trom E. speciosus, and E. 
formosissimus from E, sultrinervis. Associated with phyllary width is the 
degree of looseness of the tips, E, superhus, E. formosissimus, and E. glahel- 
lus are notable for the comparatively close tips of the phyllaries in mature 
heads, while E . speciosus and E. suMrinervis are notable for the very loose 
tips of the phyllaries. 

Distribution and relative size of the leaves are very helpful. With the 
exception of E. superhtis, group may be divided into those forms in 
which the basal leaves are largest and the upper ones progressively and con- 
spicuously reduced, and those in which the middle leaves are as large as or 
somewhat larger than the basal ones, with the upper ones only gradually 
reduced. 

Type and distribution of pubescence are generally helpful, each unit here 
recognized having its own characteristic vesture. Number and width of 
ligules are occasionally helpful, as are height of the plant and persistence or 
deciduousness of the basal leaves. Size and number of heads, and shape of 
the inflorescence have only very limited usefulness, being too variable in 
most of the species to be of much help. Length and color of the ligules, and 
character of the short outer pappus seem to be wholly unreliable in this 
group of species. More technical characters of the achenes and disc corollas 
are in general too uniform to be of much value in the group. 

About 2500 sheets, from 15 herbaria, have been assembled for this study. 
I wish to thank the curators for their kindness in loaning specimens. Grate- 
ful acknowledgement of assistance ie made to Dr. Day J. Davis, who has 
spared no effort to assemble the necessary materials and has given continued 
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advice and encouragement, to Dr. Bassett Maguire, who has been most gen- 
erous in providing access to necessary literature, and to my wife, Mabel 
Allred Cronquist, who has assisted and encouraged the study in " various^ 
■ways. 

KEY TO THE SPECIES 

1. Stem leaves glabrous or glandular, not even ciliate on the margins, eom- 

aratively few and little if at all longer than the internodes 1. M, superb ns 

1. Stem leaves either obviously pubescent or at least ciliate on the margins, 
sometimes also glandular, often numerous and longer than the internodes. 

2, Plant rather equably leafy, the upper stem leaves gradually rather 
than conspicuously reduced, the middle stem leaves commonly larger than 
the lowermost ones. 

3. Upper and middle stem leaves glabrous or nearly so except for 
the ciliate margins ; stem glabrous below the inflorescence or bearing 

a few scattered hairs 2. E. speeiasns 

3. Upper and middle stem leaves obviously hairy or glandular or 
both, or the stem conspicuously pubescent with long spreading hairs. 

4. Leaves glandular or glandular-scabrous, sometimes also 
sparsely long-hairy. 

5. Leaves without long eglandular hairs except for the ciliate 
margins and occasional long hairs along the midribs ; stem 
pubescent above with stiff spreading hairs; plants of Arizona 

and New Mexico 3. E. platypJujllus 

5. Leaves and stem sparsely pubescent with long, soft, flexuous 

hairs; plants of southwestern Wyoming to central Utah 4. E. iiiniahensls 

4. Leaves hairy, not glandular or the uppermost ones but slightly 

glandular . 5 . E, siibtrinervls 

2. Plant rather iiiequably leafy, the upper leaves conspienously reduced, 
the middle ones commonly smaller than the lowermost ones, 

3. Stem and involucre glandular or viscid, sometimes also hairy. 

6. E. formosissimus 

3. Stem and involucre more or less hairy, not at all glandular or 

viscid 7 . E. glabeUus 

TREATMENT OF THE SPECIES 

1. Erigeron SUPERBUS Greene ex Rydb. Colo. Exp. Sta. Bull. 100: 351, 
364. 1906. B. apiculatus Greene, Leafl, 2 : 217, 1912. E. eMeAisis Greene^ 
Leafl. 2: 196. 1912. E. macrantJms subsp. mirus A. Nels. Proc. Biol. Soc. 
Wash. 17: 178. 1904. 

Perennial herbs arising* from simple or slightly branched eaudiees, eom- 
inonly bearing tufts of radical leaves at the ends of short rhizomes ; stems 1 
or several, 1.5-6 dm. high, glabrous below, glandular in the inflorescence ; 
leaves more or less triple-nerved, few, commonly shorter than or barely ex- 
ceeding the internodes, obtuse or acute, apieulate, entire or some, especially 
the lower, denticulate or crenulate, not ciliate on the margins, or the lower- 
most but slightly so toward the bases of the petioles ; basal and lowermost 
cauline leaves glabrous, persistent, oblaneeolate to oval, rather abruptly 
narrowed to winged petioles, the blade and petiole 3—15 cm. long and 10—33 
mm. wide;^ middle cauline leaves smaller than or equalling those below, 
lanceolate to oblong or ovate, glandular ; heads mostly 1-7, rarely as many 

1 Here and elsewhere figures for wddth pf leaf refer to maximum width of blade. 
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as 16 , commonly cymose and borne on nearly naked peduncles, the discs 
11-19 mm. wide and 6-10 mm. high ; phyllaries in one or two equal series, 
glandular, occasionally with a few long hairs, the outer ones broad, mostly 

0. 8-1.3 mm. wide, acuminate, the tips appressed or a little loose; ligules com- 
paratively few, mostly 40-80, 1-2 mm. wide and 12-20 mm. long, blue or 
rose-purple, rarely white; pappus double, the outer setulose and sometimes 
very scanty. Mountains; southern Wyoming, Colorado, Utah, New Mexico, 
and Arizona. Not common, 

Erigeron superhics has sometimes been regarded as conspecific with E, 
eximkis Greene, which was published several years before E. superlus. 
Through the kindness of Dr. Theodor Just, the type of E. eximius in the 
Greene herbarium at Notre Dame has been carefully checked and photo- 
graphed, It is E. formosissimus, variety vkcidtiSy with which E. superlus 
intergrades to some extent. 

2. Erigeron speciosus (Lindh) DC. Prodr. 5*. 284. 1836. 

Perennial herbs with more or less branched woody caudices ; stem 1.5-8 
dm. high, glabrous, or sometimes slightly hairy or glandular in the inflores- 
cence, usually with a few hairs just under each head ; leaves commonly but 
not always triple-nerved, entire but with ciliate margins, the cilia sometimes 
very few or present only along part of the margin, glabrous or sometimes 
with a few hairs along the main veins, the basal and lowermost cauline ones 
oblanceolate to broadly spatulate, narrowed to winged petioles, the blade and 
petiole mostly 5-15 cm. long and 4-20 mm. wide, usually deciduous or with- 
ered by flowering time ; middle cauline leaves as large as the lower, or com- 
monly larger, narrowly lanceolate or oblong to broadly ovate or oval, acute 
or sometimes obtuse, apiculate, sessile, 3-11 cm. long and 5-28 mm. wide; 
upper leaves usually not markedly reduced, narrowly lanceolate to broadly 
ovate, occasionally minutely glandular; heads 1-13, cymose or cymose- 
paniculate, the discs 6-13 mm. high and 11-22 mm. broad; phyllaries in 
about two equal series, glandular and sometimes with a few long hairs, the 
outer ones mostly 0.4-0.8 mm. wide, acuminate or attenuate, the tips loose; 
ligules numerous, about 75-150, about 1 mm. wide, 9-18 mm. long, blue, 
rarely white ; pappus double, the outer commonly setulose. Mountains and 
woodlands; southern British Columbia and Alberta to northern Oregon, 
eastward and southward to Montana, western South Dakota, New Mexico, 
and Arizona; an isolated station in the Sierra San Pedro Martir, Baja 
California. 

1. Uppermost leaves lanceolate; phyllaries commonly with a few hairs a. var. typicus 

1. Uppermost leaves ovate; phyllaries without hairs b. var. macrcmthus 

2a. Erigeron speciosus (Lindh) DC. var. typicus, Cronquist var. nov. 
Stenactis speciosa Lindh Bot Reg. 17 : pi. 1577. 1833. E. speciosus DC. 
Prodr. 5 : 284, as to type. 1836. E. salicimts Eydb. Bull. Torrev Club 32 : 
125. 1905. 

Stem sometimes slightly hairy above, ; uppermost leaves lanceolate, often 
strongly ciliate all around, sometimes with a few hairs on the surface; phyl- 
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laries commonly with a few hairs. Range of the species, but most common in 
British Golnmbia, Washington, Oregon, and northern Idaho. 

2b. Erigeron speciosus (Lindl.) DC, var. macranthus (Xutt.) Cron-, 
qnist, comb. nov. E. macrantlms Niitt. Trans. Am. Phil. Boe. IT. 7 : 310. 
1841. E, Treelandii Rydb. Bull. Torrey Club 32 : 125. 1905. (Bee note 
under E, platyphylhis Greene.) E. euoepkalokles Greene, Leaf!, 2 : 216. 
1912. E. leiophyllus Greene, Lead. 2 : 218. 1912. 

Stem commonly glabrous except directly under the heads; ui)permost 
leaves ovate, rarely strongly ciliate all around, not at all hairy on the sur- 
faces ;phyllaries without hairs. Range of the species, but most common from 
Idaho and Montana southward. 

E. speciosus and E. maeramihus have long been accepted as distinct spe- 
cies, the former supposedly found in the Pacific Northwest, tlie latter in the 
Rocky Mountains. Rydberg, and later Blake, recorded E. speciosus from the 
Rocky Mountains, and shortly thereafter Blake named specimens from 
Washington E. macrardhtis, Exmmnsition of the two forms indicates tliat 
there is some degree of range correlation, but that either may be expected 
occasionally in any part of the range. The distinction between the two forms 
is indeed so tenuous that a good ease could be made out for complete reduc- 
tion of E. macranthus to synonomy. Its status as a variety is very weak. 

3. Erigeron platyphyllus Greene, Leafl. 1 : 145. 1905. E. foliosissimus 
Greene, Leafl. 2 : 194. 1912. E, patens Greene, Leafl. 2 : 194. 1912. E. rudis 
Woot. & Standi. Contr. U. S. Nat. Herb. 16 : 184. 1913. E, sernirasus Woot, 
& Standi. Contr. U. S. Nat. Herb. 16 : 185. 1913, 

Perennial herbs with branched woody caudices; stems coarse and stout. 
3-8 dm. high or more, only rarely less than 5 dm. high, pubescent at least 
above with long stifily spreading hairs, often glanclular as well; leaves 
crowded, more or less triple-nerved, entire but with strongly ciliate margins, 
at least the middle and upper ones rather densely glandular or more com- 
monly glandular-scabrous, rarely with a few long hairs along the midribs, 
the basal and lowermost cauline ones oblanceolate to spatulate, narrowed to 
winged petioles, the blade and petiole mostly 4-'15 cm. long and 7-25 mm. 
wide, often deciduous or withered by flowering time ; middle cauline leaves 
as large as those below, lanceolate to oblong or ovate, sessile, 4-11 cm. long 
and 10-25 mm. wide, upper leaves not markedly reduced, narrowly lanceo- 
late to narrowly ovate; heads 1-22 in a usually short and broad leafy cyme 
or cymose panicle, the disks 10-15 (rarely 18) mm. wide and 5-9 mm. high; 
phyllaries in about two equal series, glandular and sometimes with a few 
long hairs, the outer ones mostly 0.5-0.9 mm. wide, noticeably broadest near 
the bases, acuminate, the tips a little loose; ligules numerous, mostly 75-150, 
about 1 mm. wide and 9-17 mm. long, blue or rarely rose; pappus double. 
Mountains and woodlands ; New Mexico and Arizona. 

This species has long passed as a form of E. macranthus. The glandular- 
scabrous leaves and conspicuous spreading hairs on the stem adequately set 
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it off from that form, although intermediates may be found. Dr. S. F. Blake 
has recently used the name E, patens Greene for this species. Unfortunately, 
^E: plafj^phylhis Greene antedates E. patens, and hence must be used, al- 
though the cited type is not a very representative form of the species. 

E.. Vreelandii Rydb., the type of which comes from southern Colorado, 
just outside the known range of E, platyphyllus, was published several 
months before platyphyllus. An isotype at hand has distinctly glandular 
middle and iipper leaves, as in platyphyllus, hut lacks the characteristic 
spreading hairs on the stem. Probably it represents an extreme form of E. 
speciosus var. macranthus, the uppermost leaves of which are sometimes 
very finely glandular. Possibly it may be a hybrid, but I have seen no speci- 
mens of E. platyphyllus from the area in which it was collected. 

4. Erigeron uintahensis Cronquist, sp. nov. 

Perennial herbs with more or less branched woody eaudices ; stem 2-5 
dm. high, glandular at least above, rather sparsely pubescent throughout 
with spreading several-celled hairs sometimes as much as 2 mm. long; leaves 
entire, hut with ciliate margins at least toward their bases, the basal and 
lowermost cauline ones villous-hirsute, sometimes also glandular, oblance- 
olate, tapering gradually to winged petioles or petioliform bases, the blade 
and petiole mostly 4-10 cm. long and 6-18 mm. wide, often deciduous by 
flowering time; middle cauline leaves as large as those below, or larger, ob- 
long or lanceolate to ovate or oval, sessile and somewhat clasping, 3-10 cm. 
long and 8-20 mm. wide, more or less glandular and sparsely long-hairy; 
upper leaves not markedly reduced, ovate or lanceolate, glandular and com- 
monly with a few villous hairs; heads 1-5, cymose, the disks 6-9 mm. hjgh 
and 12-18 mm. broad in pressed specimens; phyllaries in about two equal 
series, densely glandular and bearing a few villous hairs, the outer ones 
mostly 0.5~0.9 mm. wide, acuminate or attenuate; ligules numerous, about 
75-125, about 1 mm. wide, 9-15 mm. long, blue or rose-purple; pappus 
double. Uintah Mountains and adjacent area, extending down the Wasatch 
and adjacent chains to Marysvale, occasional in southern Wyoming. 

B.er'ba perennis 2~5 dm. alia parce villosa pilis flexis dispansis certe supra 
glandulosa aequabiliter folima joins integris, capituUs 1—5 discis .6-9 mm. 
altis 12-18 mm. latis, hracteis 2-seriatis valde glandulosis et parce villosis, 
ligtiUs 75—125, 1 mm. latis 9-15 mm. longis caeruleis, pappo duplico, acha- 
eniis 2-nervosis. 

Type : Payson 4894. Mill Creek, foothills of the Uintah Mountains, sandy 
river bottom, 8200 feet, July 4, 1926, Summit County, Utah; in the Rocky 
Mountain herbarium. Isotypes in the herbaria of the University of Cali- 
fornia, the Missouri Botanical Garden, the United States National Her- 
barium, and Washington State College. 

Cotype : Goodman (& Hitehcoch 1548. Bear River Valley, dry sagebrush 
flats, 7900 feet, July 9-13, 1930, Summit County, Utah; in the herbaria of 
the University of California, the Uaiversity of Minnesota, the Missouri 
Botanical Garden, and the Academy of Natural Sciences of Philadelphia. 

This endemic has until now passed unrecognized, having been identified 
by various individuals as E. speciosusy -jE. macranthus, E. viscidus, and E. 
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subtri/mrvis, often witli a question mark. It is apparently not imeoiumoo in 
the lower part of the Uintah Mountains, from which about a dozen colleo 
tions are known. Two collections are known from adjacent AVyominl^*, and a^ 
few from the Wasatch Mountains and their southern extensions. In the 
Uintahs it is surprisingiy constant in appearance, but some specimens from 
the A¥asatch are dubious and perhaps intermediate with E. specioHUfi or 
El, suhtrine^^^^ Its closest relative seems to be E, platyphyllus, and the trail 
of atyjiical specimens down the Wasatch may represent remnants of an 
earlier link between the two forms. 

5. Erigeron subtrinervis Rydb. Mem. Torrey Club 5 : 238. 1894. 

Perennial herbs with more or less branched woody eaudiees; stem 1.5-9 
dm. high, pubescent throughout with spreading hairs j leaves more or less 
triple-nerved, entire but with ciliate margins, densely pubescent along the 
veins or more or less pubescent throughout, the basal and lowermost cauline 
ones mostly oblanceolate, narrowed to winged petioles, the blade and petiole 
mostly 4-13 cm. long and 5-23 mm. wide, often deciduous by flowering time ; 
middle cauline leaves as large as those below, narrowly lanceolate or oblong 
to broadly ovate, sessile, 3-8 cm. long and 6-27 mm. wide; upper leaves not 
markedly reduced, narrowly lanceolate to ovate, rarely a little glandular; 
heads 1-21, cymose or cymose-paniculate, the disks 6-9 mm. high and 13-20 
mm. broad ; phyllaries in about two equal series, glandular and more or less 
hirsute or villous, the outer ones mostly 0.4r-0.7 mm. wide, acuminate or 
attenuate, the tips loose; ligules numerous, about 100-150, about 1 mm. 
wide, 7-18 mm. long, blue or rose-purple; pappus double, the outer com- 
monly setulose. Mountains and woodlands; Washington and Idaho, east to 
western South Dakota and Nebraska, and south to Utah and New Mexico. 

1. Pubescence of the stem and leaves commonly rather dense and uniformly 
distributed, not obviously denser along the veins; longer hairs of the stem 

mostly about 1 mm. long or less a. subsp. Upricus 

1. Pubescence of the stem and leaves commonly rather sparse and long, on 
the leaves often confined chiefly to the margins and larger veins; longer 
hairs on the stem mostly IJ mm. long or more b. subsp. eo)ispicmis 

5a. Erigeron subtrinervis Rydb. subsp. typicus Croiiquist, subsp. nov. 
E, cjlabelUis Nutt. var. mollis Gray, Proc. Phil. Acad. 1863: 64. 1864. E, 
sicbtrinervis Rydb. Mem. Torrey Club 5: 238, as to type. 1894. E, incd- 
nescens Rvdb. Bull. Torrey Club 28: 23, 1901. E. Bakeri Woot. & Standi. 
Coiitr. U. S. Nat Herb. 16: 185. 1913. 

Pubescence commonly uniformly distributed and rather dense, if sparse, 
that on the leaves not confined to the margins and larger veins ; longer hairs 
of the stem mostly 1 mm. long or less, or if obviously longer, then the leaves 
very densely pubescent. Wyoming, Utah, and New Mexico, east to western 
Nebraska and South Dakota. 

5b. Erigeron SUBTRINERVIS Rydb. subsp. conspicuus (Rydb.) Croiiquist, 
comb. nov. E. conspicuus Rydb. Mem. N. Y. Bot. Gard. 1: 400. 1900. E. 
villosulus Greene, Leafl. 2: 215. 1912, 
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Pubescence sparse and longythat on the leaves denser on the margins 
and main veins, and sometiines confined ehiefliy thereto ; longer hairs on the 
stein mpstly 1-1 niin. long or more. Washington, Idaho, Montana, and iiortlu 
^ western Wyoming. 

Herbarium records, and my own limited field experience with it, indicate 
that this species frequents somewhat drier habitats than does its close rela- 
tive, E, specio'sus. 

6. Erigeron formosissimus Greene, Bull. Torrey Club 25: 121. 19 Mr 
1898. 

Perennial herbs with simple or somewhat branched caudices and fibrous 
root systems; stems 1-4 (rarely 5.5) dm. high, usually curved or decumbent 
at the base, more or less glandular at least above, with or without eglandular 
hairs; hirsute, glandular, or glabrous below; basal and lowermost cauline 
leaves commonly glabrate or with long scattered hairs, sometiines densely 
pubescent, oblanceolate or spatulate to oval, entire, commonly rounded or 
obtuse at the tips, sometimes acute, abruptly narrowed to winged petioles 
or petioliform bases, the blade and petiole if present mostly 2.5--15 cm. long 
and 4-15 mm. wide; middle stem leaves lanceolate or oblong, sometimes 
ovate, commonly somewhat smaller than the lower ones, mostly 2-6 cm. long 
and 4-16 mm. wide, glabrate or somewhat hirsute, the margins ciliate ; upper 
stem leaves reduced, linear or lanceolate to ovate, the uppermost generally 
less than 15 mm. long, glandular-scabrous or more or less hairy or both; 
heads 1-6, eymose, the disks 10-20 mm. broad and 5-10 mm. high ; phyllaries 
in two or three series of about equal length, linear, the outer ones mostly 
0.7-1.1 mm. wide (in yslt. viscidus sometimes only 0.6 mm. wide) , acuminate, 
glandular or viscid and often hirsute; ligules numerous, approximately 75- 
150, 8-15 mm, long and about 1 mm, wide, blue, rarely pink or white ; pappus 
double, the outer setulose and sometimes very scanty. Meadows and open 
ground in the mountains, often at high altitudes. Arizona, New?^ Mexico, 
Utah, Colorado, Wyoming, and the Black Hills of South Dakota. 

6a. Erigeron formosissimus Greene var, typicus Cronquist, var. nov. 
E. fomosissimus Greene, Bull. Torrey Club 25: 121, as to type. 1898. E, 
hirhiosits Greene, Leafl, 2: 209. 1912. E. suhasper Greene, Leafl. 2: 195. 
1912. E. fruticetorum Pydb. PL Eocky Mts. 906. 1917. 

Involucre glandnlar and more or less densely hirsute, the long hairs some- 
times so numerous as to obscure the glands ; basal leaves frequently acutish ; 
uppermost leaves long-hair}?- or nearly glabrous, with strongly hirsnte-ciliate 
margins, commonly not at all glandular ; upper part of the stem glandular 
and with long spreading hairs. Range of the species. 

6b. Erigeron formosissimus Greene var. viscidus (Rydb.) Cronquist, 
comb. nov. E, grandi-florus Nntt Jour. Phila. Acad. 7 : 31. 1834. Not E. 
grandiflorus Hook. 1834. E, eximius Greene, Pittonia 3: 295. March 29, 
1898, See note under E. superlyiis. E. viscidus Rydb. Bull. Torrey Club 28: 
24. 1901. E. Gulielmi Greene, Leafl. 2: 195. 1912. E. iodanihus Greene, 
Leafl. 2: 209. 1912. E. rubioundus Greene, Leafl. 2: 209. 1912. E. scabe- 
ntlus Greene, Leafl. 2: 212. 1912, E. SmitMi Rydb. Bull. Torrey Club 32: 
125.1905. 


1943] 


CRONQUIST: ERIGERON 


273 


Involucre densely giandular, sometimes also with a few long hairs; basal 
leaves rarely if ever aciitish; uppermost leaves glandular-scabrous, eom- 
monly without long hairs except for the ciliate margins; upper part of tlie 
stem glandular, with or without long spreading hairs. Range of the species. ^ 

Forms of E. formosissimiis var. typims are frequently rather tall, with 
the upper leaves comparatively little reduced^ thus seemingly approaching 
E. siiJbtrmervis, These may be distinguished from that species, however, by 
the comparatively wide phyllaries with mostly appressed tips, 

7. Erigeron glabellus Nutt. Gen. PL 2; 147. 1818. 

Biennial or perennial herbs with simple or slightly branched caudiees 
and fibrous root systems; stems erect, 1-5 (rarely 7) dm. high; herbage 
sparsely to densely hirsute or strigose with appressed or spreading liairs; 
basal and low^ermost cauline leaves oblaneeolate, entire or irregularly 
toothed, acute to obtuse or rarely rounded at the tips, tapering gradually 
to wunged petioles or petioliform bases, the blade and petiole if present 
mostly 4~15 cm. long and 3-15 mm. wide; middle stem leaves linear or lance- 
olate, usually conspicuously smaller than the lower ones, often bract-like; 
heads 1-15, eymose, usually on long nearly naked peduncles, the disk 10-20 
mm. broad, 6-13 mm. high; phyllaries in two or three series of about the 
same length, sometimes somewhat imbricated, linear, the outer ones mostly 
0.5-0 9 mm. wide, acuminate, hirsute or strigose, not glandular, appressed; 
ligules numerous, about 125-175, 8-15 mm. long, about 1 mm. wude, blue or 
pink, less commonly white; pappus double, the outer setulose and sometimes 
very scanty. Meadows, prairies, and open ground; Alaska and Nortluvest 
Territory, south to Montana, Utah, South Dakota, and Wisconsin, 


1. Pubescence appressed or closely ascending a. subsp. typicus 

1. Pubescence spreading ........b, subsp. pubescent 


7a. Erigeron glabellus Nntt, subsp. typicus Cronquist, subsp. nov. E. 
a^per Nutt. Gen. PL 2: 147. 1818. F. glabellus Nutt. Gen. PL 2: 147. 1818. 
E., oblmiceolatus Rydb. Bull. Torrey Club 24: 294. 1897. E. amcidarum 
Greene, Leafl. 2: 215. 1912. E. amciilarum Greene var. latiusculus Greene, 
Lead. 2: 216. 1912. E. multicolor Lunell, Am. Midi. Nat. 2: 255. 1912. 
E. ohscurus Lunell, Am. Midi. Nat 2: 256. 1912. E, asper Nutt. var. up- 
■pressus Lunell, Am. Midi, Nat. 3: 3. 1913. E. oUgodontus Lunell var. 
acurniiiatifs Ltxnell, Am. Midi. Nat. 3: 4. 1913. E. subcostatus Lunell, Am. 
Midi. Nat. 3: 5. 1913. Tessenia glabella Lunell, Am. Midi. Nat 5; 59. 1917, 

Most of the names in the above list were transferred to Tessenia by 
Lunell in 1917. 

Pubescence appressed or closely ascending, mostly short and fine ; cross- 
w’'alls of the hairs not at all conspienous if present. Colorado, South Dakota, 
and Utah, north to southern Manitoba and Saskatchewan. 

7b. Erigeron glabellus Nutt, subsp. pubescens (Hook.) Cronquist, 
comb, nov, E. glabellus Nutt, p pubescens Hook. PL Bor. Am. 2: 19. 1834. 
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E, consohrimis Greene, Pittonia 3: 186. 1897. E, f rat emus Greene, Pit- 
tonia 3: 162. 1897. Not E. f rat emus Greene, Pittonia 2: 169. 1891. E. 
Drummondii Greene, Pittonia 3: 295. 1898. E. Earlei Rydb. Bull. Torrey 
r Club 32: 126. 1909. E. ahruptorum Luiiell, Am. Midi. Nat. 3: 13. 1913. 
E. anodoutus Luiiell, Am. Midi. Nat. 3: 6. 1913. E. asper Nutt. uar. 
i/nteger Lunell, Ain. Midi. Nat. 3: 143. 1913. E, oligodonius Lunell, Am. 
Midi. Nat. 3: 4. 1913. E. oxyodontus humll. Am. Midi. Nat. 3: 3. 1913. 
E. procerus Lunell, Am. Midi. Nat. 3: 5. 1913. Tesseuia glaiella Lunell 
var. suhdiscoidea Lunell, Am. Midi. Nat. 5: 59. 1917. 

Most of the names in the above list were transferred to Tesscnia by 
Lunell in 1917. 

Pubescence spreading*, particularly on the stem, often long* and coarse; 
cross-walls of the hairs often highly conspicuous. Alaska and Northwest 
Territory south to Montana, North Dakota, and Wisconsin ; also in Colorado. 

E. glal)ellus subsp. p'ubescens occurs quite commonly in the mountains 
of Colorado in the same general area that is occupied by subsp. typicus. 
The hypothesis is advanced that subsp. pxibescens, the ancestral form of the 
species, migrated north across the plains after the retreating glaciers, giving 
rise to subsp. typicus somewhere in the early part of the migration. Some 
plants of subsp. pubescens remained in the central Rocky Mountains and 
moved upward in altitude as the climate warmed. These now^ persist as an 
island surrounded by plants of subsp. typicus. 

Dr. Joel Lunell segregated a large number of 'Grew species” from E. 
glahellus. Frequently both subspecies are represented in his type collections, 
as he worked in an area where the two merge. The reductions made here are 
based on his type sheets in the University of Minnesota herbarium. 

University of Minnesota 
Minneapolis, Minnesota 
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A TAXONOMIC REVISION OF THE GENUS ’ 

HOLODISCUS (ROSACEAE) 

Arline Ley 

INTRODUCTION 

The revision of the genus Eolodiscus was suggested to me as a taxonomic 
problem by Dr. Philip A. Munz of Pomona College, to whom I wish to 
express the deepest gratitude for invaluable guidance and aid. I am also 
indebted to Mr. G. L. Wittroek of the New York Botanical. Garden and to 
Miss Ruth Sanderson of the Gray Herbarium who have sent me important 
original desciuptions of many species. I should like to thank those in cliai-ge 
of the following herbaria who have kindly loaned their material for this 
study:'. 

California Academy of Sciences (CAS), 

University of Michigan (MICH), 

New York Botanical Garden (NY), 

Pomona College (POM), 

Santa Ana Botanical Garden (RSA), 

University of California at Los Angeles (UA), 

United States National Herbarium (US)— Mexican and South 
American specimens. 

Abbreviations following the above names are those used in tliis paper in 
citation of specimens. 

HISTORY OF THE GENUS 

The plants now referred to the genus Eolodiscus were originally included 
in the genus Spiraea. The type species of the genus, collected in New 
Granada (now Colombia) by Mutis, was described as Spiraea argenfea by 
Linnaeus f., SuppL, 261 (1781). In 1836 Rafinesque applied the name 
Schwo7iohts to the species Spiraea discolor Pursh (Pi. Am. 1: 342. 1814). 
In New FI. 3: 74 (1836) he stated that he ^'adopted the Genus and name 
Schizonotus upon the suggestion of Lindley,’^ but he did not know how the 
name split back’^ applied ‘^unless the capsules ojien outside.^’ In Sylva 
Tell., 152 (1838) he applied the name Sericotheca (from the Latin, ^^silky^’ 
and ^^case,’’ referring to the hairy carpels) based on the species Spiraea 
argent ea. The name Schizonotus Lindl. had already been established as a 
synonym for Spiraea Lindleyana Wall, by Lindley (ex Wall. Cat. n. 703. 
1830), but had become obsolete. Rafinesque took the name and applied it 
here. 

The name Eolodiscus (from the Greek, ^ ^ whole and ^^disk,’’ referring 
to the entire disk of the flower) was first applied to this group by Koch, 
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Deiidr. 1 : 309 (1869), who made it a section under Spiraea, based on Spiraea 
ariaefolia Bniiih. (in Rees, Cycl. 33: no. 16. 1819). Maximowicz, Acta Hort. 
Petrop.r6: 253 (1879), used the name Holodiscus in the tribe Potentilleae. 

^It was later placed in a special tribe, Holodiseeae, by Focke in Engler and 
Prantl, Nat. Pfl. 3 (3) : 18 (1894). Focke separated the genus from >8^^^ 
because of the one-seeded indehiscent fruit. He recognized two species, H. 
discolor (Pursh) Maxim, and H. argenteus (LI.) Maxim. 

Ill 1891 0. Kuntze, Rev. Gen. 1: 225, again used the name Schizonotus 
for the genus and recognized only one species, Schizonotus argenteus (LI.) 
Kuntze, with ten varieties. Schneider, Handb. Laubh. 1: 495 (1905), in his 
treatment of the genus placed it under the subfamily Holodiseeae, calling 
the genus Holodiscus. He was not satisfied with Kuntze ’s treatment of the 
group and recognized five species which he divided into two main types*, 
those of the United States, and those of Mexico and South America. His five 
species included: H. discolor, H. dumosus, H. australis, H. fissus, and E. 
argenteus. 

The genus was last revised as a whole by Rydberg (N. Am. FI. 22: 261. 
1908) who revived the name Sericotheca and placed the genus under the 
tribe Holodiseeae. He recognized fourteen species: 9 United States and 5 
Mexican and South American species. Schizonotus Raf. has now been re- 
jected, and Holodiscus Maxim, is placed in the Nomina Conservanda of the 
International Rules of Botanical Nomenclature, 98 (1935). 

CHARACTERS USED IN CLASSIFICATION 

The species of the genus Holodiscus are found to intergrade to some 
extent in most cases. The most consistent character used in classification is 
the leaves. The size, shape, pubescence, and glandular condition of the leaves, 
as well as the nature of the petiole and teeth, are the important key charac- 
ters in the genus. While these intergrade to varying degrees, the groups can 
usually be readily separated on this basis. The length and shape of the 
sepals are not consistent throughout, although Rydberg used these to sepa- 
rate certain species. In the same way the nature of the inflorescence is not 
consistent enough to be used in distinguishing species. The pubescence on 
the backs. of the petals proves to be denser in some species and is a fairly 
reliable character in separating the United States forms from those to the 
south. . , 

In general, two principal groups might be separated : one ranging from 
British Columbia through western United States to northern Mexico ; and 
another, from central Mexico south to ‘;(3plombia. The southern group is dis- 
tinct in having long, pointed mucros bn the teeth which are often bent, in 
the greater length of the leaf -blades as compared to the wddth, and in the 
greater pubescence on the outer surface, of; the petals. 
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DESCRIPTION OP THE OENUS 

Eolodisctis Maxim. Acta Hort, Petrop. 6: 253. 1879; Kiiiitze, Rev. Gen. 
1: 225. 1891; Engier & Prantl, Nat. Pfl. 3(8): 18. 1894; Schneider, IJaiidb. 
Laubholzk. 1: 495. 1905. 

Spiraea § Holodiscus K. Koch, Dendr. 1: 309. 1869. 

/S'ijimea 5 S6r. in DC. Prod. 2: 544, in part. 1825. 

Endlieher, Gen. PL 1247, in part 1840; Benth. & Hooker, Gen. PL 1(2) : 611. 
1865; Brewer & Wats. Bot. Calif. 1: 170. 1876. 

Solmonotus Raf. New FL 3; 74. 1836. 'Not Schwonoius Lin dl. 1830; Piper, Ooutr. 
TJ. S. Nat Herb. 11: 330. 1906. 

Sericotheca 'KdS.. Sylva Tell. 152. 1838; Rydb. N. Am. FL 22: 261. 1908. 

Sepals 5, 3-iierved, valvate in the bud, erect in fruit. Petals 5, short- 
clawed or rounded. Hypanthium saucer-shaped, adnate to base of calyx; 
disk entire. Stamens usually 20, inserted on disk with 3 stamens opposite 
each petal, one opposite each sepal; anthers didymous. Pistils 5, distinct, 
alternate with sepals, villous, inserted on center of disk, sessile; styles ter- 
minal ; ovules 2, collateral, pendulous. Fruit indehiseent, one-seeded, enclosed 
in the calyx, short-stipitate, laterally flattened, villous, membranaceous, 
caducous, convex on lower suture. Seeds pendulous, broadly oblong, with 
double coat, thin endosperm; embryo with superior radicle and ovate 
cotyledons. Shrubs or small trees, spreading, to 7 m. tall, with alternate, 
simple, toothed leaves ; stipules lacking. Inflorescence terminal with whitish 
or pinkish flowers, villous, racemose or paniculate. 

Type species: H. argenieits (L.f.) Maxim. The genus is distributed from 
Canada south throughout western United States to South America. 

KEY TO SPlgJCIES 

A. Teeth ending in a short, straight, rounded ranero,^ petals with a few long 
hairs at outer base; stamens longer than sepals. 

B. Leaf -blades toothed along sides below middle, elliptic to orbicular, 

not obovate. 

0. Leaves elliptic to elliptic-ovate or ovate, longer than broad, with 
3-6 teeth on each side,, usually deeply toothed, glabrous or with a scat- 
tered pubescence above. 

D. Leaves not deeurrent on petiole but contracted at base form- 
ing a distinct petiole, teeth usually divided 3-6 times except in 

var. delnortensis. Coastal British Columbia to Bouthern Calif 1. II. diaoolor. 

DI). Leaves deeurrent on petiole, teeth usually simple, rarely 
doubly divided. 

E. Leaves deeply toothed, teeth narrovir, leaf blades narrowly 

cuiieate at base. Wyoming to Arizona and Chihuahua 2. H. dmnosii,'^. 

EE. Leaves not deeply toothed, teeth broad and rounded, leaf 
blades very broad at base, abruptly contracted. Valley of 

Mexico 3. S. pmhpdmuH. 

CC. Leaves broadly ovate to orbicular, almost as broad as long, with 
3-4 teeth on each side, not deeply toothed, pubescent to villous above, 
blades abruptly contracted, forming a short winged petiole. Mts. of 
California •4. H. BourHieri. 

BB. Leaf -blades toothed at top, rarely to middle, obovate to spatnlate. 

Mts. from Oregon to Baja California - 6. H. microphi/llus. 
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AA. Teeth ending in a long, pointed, often bent macro; petals with a scat- 
tered, often dense pubescence on outer side ; stamens not longer than sepals. 

B. Leaf -blades acute at apex, linear to lanceolate, tomentose to villous 
beneath. 

C. Leaf -blades 4~5 times as long as wide, almost entire, the teeth 

scarcely noticeable. Orizaba ..6. H, orizahae. 

CO. Leaf -blades 2-3 times as long as wide, coarsely toothed. 

Michoacdn and Guerrero (Mexico) to Guatemala 7. H. fwsus. 

BB. Leaf -blades obtuse to rounded at apex, oblanceolate to oboyate, 

white silky beneath. Oaxaca (Mexico) to Colombia ..... 8. S. arge7tieus. 

TREATMENT OP SPECIES 

1. Holodiscus discolor (Pursh) Maxim. Acta Hort. Petrop. 6: 254. 
1879. 

A tall spreading shmb, 1.5-6 m. tall ; bark of older brandies dark-reddisli 
to chestnut brown, becoming dark gray and exfoliating; young twigs light, 
straw-colored, pubescent, even villous; internodes about one-half the length 
of leaves ; leaf -blades ovate to ovate-elliptic or -oblong, either truncate or 
cuneate at base, not deeurrent on the distinct petiole, the apex rounded to 
obtuse, teeth deep, broad and round, ending in a short mnero, nsually with 
4r-6 teeth on each side, each tooth divided 1-6 times except in var. delnor- 
tensiSy the leaves gray-green to green above, sparingly pubescent, usually 
paler beneath, pubescent to villous or tomentose, the leaf-blades 3.0-8.0 cm. 
long and 2-7 cm. wide; petioles 0.5-2.5 cm. long; inflorescence spreading, 
dense, very compound, villous, 5-25 cm. long, and 5-25 cm. wide; pedicels 
1. 5-3.0 cm. long, with linear bracts 1 mm. long; sepals triangular-ovate to 
elliptic-ovate, acute to obtuse at apex, 1.5-2.0 mm. long; petals oval, 2 mm. 
long, with several hairs on the outer liase; stamens longer than sepals; car- 
pels very villous, up to 1.5 mm. long; styles up to 1 mm. long; achenes with 
straight upper edge and very much convex lower edge. 

KEY TO VARIETIES 

Leaf -blades at least 4.5 cm. long, 3-7 toothed on either edge, and with short 
pubescence on lower surface. British Columbia to Montana and Southern 

California la. H. discolor' var. typicus. 

Leaf -blades less than 4.5 cm. long, 2-4 toothed on either edge, often with 
many long hairs beneath. 

Teeth of leaves compound, leaves grayish beneath, petioles 5-8 mm. 

long. Southern Oregon to Southern California lb. discolor var. franciscanus. 

Teeth of leaves usually simple, leaves whitish beneath, petioles 6-12 mm. 
long. Crater Lake, Oregon, to Del Norte Co., California. 

Ic. JS. discolor var. delnort crisis. 

la. H. DISCOLOR var. typicus Ley, var. nov. 

Spiraea discolor Pursh, FI. Am. 342. 1814; Schizonotus discolor Raf. New FI. 3: 75. 
1836; Eolodiscus discolor Maxim. Acta Hort. Petrop. 6: 254. 1879; Scliizonotus argeyiteus 
var. discolor Kuntze, Rev. Gen. 1: 225* 1891; Sericotheca discolor JRydl). N. Am. FI. 22: 
262. 1908; Spiraea ariaefoUa Smith, iA Bees’;; Cy el. 33; no. 16. 1819; Spiraea discolor 
var. ariaefoUa S. Wats. Bot. Oalif. 1: 170. ScMzonotus argenteus var. ariaefolius 

Kuntze, Rev. Gen. 1: 225. 1891; Schizonoim ariaefolius Greene, FI. Fran. 58, in part. 
1891; ScMzonotus discolor var. JPursManm EehdeT in Bailey, Cyel. Am. Hort. 4: 1627. 
1902. , ' ’ , ... L 
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Illustration: Figure 8. 


Leaf -blades broadly ovate with a trimeate base, to ovate-elliptic with 
cmieate base, villous-pubescent to tomeiitose beneath, 4.5-7 (10) cm. long, 
2.5-8 cm. wide, the petioles 0.7-2 cm. long; infloreseeixce spreading, 7-20, 
cm. long, 5-20 cm. wide. 


There has been a great deal of confusion concerning the species Spiraea 
ariae f olia Sm., 8 . discolor Pursh and 8 , dumosa Nutt. By some 8 . ariaefolia 
is treated as the coastal form, and ^8. discolor Pursh and 8. dumosa Nhitt, 
as the Eocky Mountain form. Other investigators feel that 8. ariaefolia Sim 
and 8, discolor Pursh are in the same species, and the 8. dumosa Nutt, is 
different. From the literature and specimens reviewed, it would seem that 
the Rocky Mountain material is very different from the specimens of the 
northwest. I have not seen type material of 8, dumosa Nutt., but from 
descriptions of Torrey (Ann. Lyc. N. Y. 2: 195. 1827), Torrey and Gray 
(FI. N. Am. 1: 416. 1840), and Hooker (Loud. Jour. Bot. 6: 217. 1847), I 
believe it to be entirely different from 8, ariaefolia Sm. and 8. discolor 
Pursh. These two are here considered the same form and are included under 


H. discolor YdiT. iy pious. 

This variety cannot be clearly distinguished in all eases from var. 
franciscanus. The twn intergrade in the size and thickness of the leaves in 
the counties about San Francisco Bay, as for examine do the following 
specimens from that region: Leona, Alameda Co., Michener and Bioletti in 
1892 (NY) ; Oakland Hills, near San Francisco, Alameda Co., Torrey 133 
(NY) ; and Los Troncos Creek, San Mateo Co., Berry in 1909 (POM). 
These specimens resemble var. franciscanus in leaf form, but are 4.5 cm. 
long. There are a few forms which might be included with var. franciscanus 
because of their small leaf size, such as the specimens: Montana-. Bigfork, 
Flathead Lake, Flathead Co., Jones 8300 (POM); and Flathead Valley, 
MacDougal 757 (NY). B.C. : Goldstream, Vancouver Is., Macoun in 1887 
(NY). Washington.- Friday Harbor, San Juan Co., Heller 970 (LA, NY) ; 
Tacoma, Pierce Co., Millis in 1883 (NY). Oregon*, unknown locality, 
8palding (NY), Mt. Hood, Jones in 1897 (POM); the Dalles, Wasco Co., 
Janes in 1897 (POM). How^ever, I feel that these are exceptions and should 
be included under var. typicus Ixecause'of the very broad infloreseenee and 
the thin leaves in most cases, as well as because of their distiibution. 

Type collected by Lewis on tlie banks of the Kooskoosky, Idaho. Haiige, along 
streams, on rocky hillsides or in open woods, between bO and 4500 feet, from B. 0. to 
Alont. and Coastal S. Calif. Bepresentative material: Montana: Hitchcock 1671, 1886. 
Idaho: MacDougal 176, Leiherg 1310 ^ Alton 6171, Bandherg 58$, M. E. Jones 6$85, Claflc 
171. B. C.: Eastioood 9909, M.acoim 34317, 34813. W’'aSHINGTON : Elmer 3532, Heller 4025, 
Allen 2, Thompson 9818. Oregon: Mensies, paH of type collection of ariaefoUa (NY), 
Sheldon 10977, Jones 4210. California: Heller 7514, Hoffman 645, no. 9, Ea^shvood 6464, 
Munz 2218, Ahrams 4723. 

lb. H. DiscoLOE var. fbanciscanus (Ryab.) Jepsoii, FI. Calif. 2: 166. 
1936. 

Sericotheca franciscana Bydb., N. Am. FI. 22; 262. 1908; Holodiscus franciscanus 
Behder, Jour. Arnold Arb. 1: 260. 1920. 

Illustration: Figure 9. 

Leaf -blades thick, usually broadly ovate with truncate ba.se and rounded 
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apex, villous beneath, xisiialiy 3-4.25 cm. long, 2~3 cm. wide, petioles 0.5- 
0.8 cm. long ; inflorescence 7-12 (18) cm. long, 6-12 cm. wide. 

Type: San Leandro, Alameda Co., Calif., L, M, Underwood in 18S8 {ISiY). Eange, 
r on open hillsides or along streams, between 300 and 2900 ft., S, Ore. to Orange Co., Calif. 
Mepresentative material: Oeegon: Heller 13070, 1^634. California: 1645, Heller 

11545, 1£S6S, 5735, Ahrams 5930, Jones 3579, Keck 1795, Slmer 4374, Stark 3348, 

As has been noted above under the variety typicus, there are a few plants 
found about San Francisco Bay which intergrade with that variety in leaf- 
size, for example: Eastwood 4733, MicJiener c& Bioletti in 1892, Carnith in 
1901. BecaUvSe of their thick leaves they are placed under var. franciscamis, 
although rather large. 

Ic. H. DISCOLOR var. delnortensis Ley, var. nov. 

Folia ovata cum basi cuneato, supra grisea et pubescentia, infra tomen- 
tosa et alba, simplice dentata; laminis foliorum 1.5-3.5 cm. longis, 1-2 cm. 
latis; petiolis 0.6-1, 2 cm. longis* inflorescentia 6-14 cm. longa, 3-7 cm. lata. 

Illustration: Figure 10, 

Type: Barlingtonia, Smith Elver, -Del Norte Co., Calif,, H. E, S, T. Parks 34019, 
POM. no. 257430; isotypes EAS, NY, CAS. Eange from Crater Lake, Oregon to Pel Norte 
Co., California; represented by: Oregon: Jones 7733, 7753. California: Ahrams 8436, 
Wolf 864, 9137, Eastwood 13195, 3131, 

This variety is very close to H. discolor var, franciscamis, hut differs in 
the very white appearance of the undersides of the leaves and in having 
simple teeth. There is a tendency for this group to have a longer petiole as 
compared to the length of the leaf blade than in the other two varieties. The 
shape of the leaf is very characteristic, the leaf -blade being narrow at the 
top, broad near the base, and becoming cuneate. 

2. Holodiscus dumosus (Nutt.) Heller, Cat. N. Am. PI, 4. 1898. 

A spreading shrub, 1-3 m. tali ; bark of older twigs dark red, later becom- 
ing dark gray and exfoliating ; young twigs light, often straw-colored, very 
villous, the internodes from much less than, up to length of leaves; leaf- 
blades elliptic or elliptic-ovate with cuneate base decurrent on petiole, the 
apex rounded to obtuse, the teeth rather deep, usually simple, sometimes 
double, ending in a short, blunt mucro, mostly with 3-6 teeth on each side, 
the leaves gray-green above and glabrous, or slightly pubescent between 
veins, either whitish beneath and both tomentose and villous with long silky 
hairs especially along veins, or sparingly pubescent beneath with gland 
droplets between veins, the leaf -blades 1-3.5 (5) cm. long and 0.5-2 cm. wide, 
the petioles 0.2-1 (1.4) cm. long; inflorescence with spreading branches, 
compound especially in lower part, densely villous, 5-20 cm. long, 3-10 cm. 
wide ; pedicels 2-3 mm. long, subtended by linear bracts scarcely 1 mm. long ; 
sepals triangular-ovate, 1.5-2 mm. long; petals oval, rarely with several long 
hairs at base beneath, 2 mm, long; stamens slightly longer than sepals; 
carpels very villous, 1 mm. long ; styles 1 mm. or less, aehenes with straight 
upper edge and very much convex lower edge. 

KEY TO VARIETIES 

Leaf -blades pubescent to villous, not glandular beneath. 

Leaf -blades pubescent beneath, rarely villous, 1-^ cm. long, about twice 
as long as wide ; inflorescence small and spreading. Wyoming to eastern 
Utah and Colorado 2a, H. dumosus var. ii/picus. 



1943] 


LEY: HOLODISCUS 


281 


Leaf-blades very villous beneath/ 2.3-5 cm. long, more than twice as 

long as wide; inflorescence large and spreading. Southeastern Colorado 

to Arizona and Chihuahua 2b. TL dumoaus vur. ausfmfis. 

Leaf -blades scarcely pubescent beneath with long hairs along veins and with 
gland droplets between veins, 1.5-2,5 cm. long, about twice as long as wide, 

San Luis Potosi, Mexico 2e. H. dnmo.siis var. Schafneri, 

2a. H. DUMOSus Yar. typicus Ley, var. nov. 

Spiraea dumosa Nutt, ex Torr. & Gray, PI. N. Am. 1: 416, as sy]i. 1840; Hooker, 
London Jour. Bot. 6: 217. 1847; Spiraea discolor var. dumosa S. Wats. Bot. Calif. 1: 
170, in part. 1876; ScMzonotus argent eus var. dumosus Kuntze, Rev. Gen. 1: 226, in part. 
1S91; Eolodiscus discolor YSiT, dtmostis ’Dispel, Handb. Xjaubh. 3: 508. 1893; Schlsonotus 
dumosus Koehne, Beuts. Bendr. 265. lS9ZyEolodiscus dumosus Heller, Cat. N. Am. PL 4. 
1898; ScMzonoius discolor var. dumosus Rehder, Cyel. Am. Hort. 4: 1629, in part. 1902; 
Sericotheca dumosa Ejdh. N. Am. PL 22: 263. 1908. 

Illustration: Figure 5. 

Frequently a low shrub about 1 meter high; leaf-blades usually less than 
2 cm. long and about half as wide, usually slightly villous, teeth most often 
rounded, not usually pointed; inflorescence branched, 5-12 cm. long, 2-7 
cm. wide. 

Type collected by Nuttall, stony and sandy places of the Platte River. Growing among 
rocks or brush, between 2300 and 9400 ft., Wyo. and Colo, to eastern Utah and northern 
Arizona. Eepresentative material: Wyoming: Nelson 057, BM7, 74S1. Utah: Gooddvng 
1£71, Bydherg ^ Garrett 9468, Ooloeado: Palmer SSlBBj Osterhout Patterson 

Baker £64. Arizona : Tourney in 1892, Osterhout 6986, Mastwood 9889, Pushy 988. 

2b. H. DUMOSUS var. australis (Heller) Ley, comb. nov. 

Eolodiseus australis Heller, Bull. Torrey Club 25: 194, pi. SS8. 1898. 

Illustration: Figure 4. 

Shrub 2-3 m. high; leaf -blades usually densely villous and tomentose 
beneath, 2-3 (5) cm. long, less than half as wide, the teeth usually drawn 
out and pointed ; inflorescence spreading, 6-20 cm. long, 3-6 cm. wide. 

Type collection, from Santa Pe Canyon, 9 mi. east of Santa Pe, New Mexico, Eeller 
$840. Growing in dry rocky places betwvmi 7000 and 11000 ft., southeastern Colorado to 
Arizona, Texas, and Chihuahua. Pcpresentative calleetions: Colorado: Clements E'7, 
Clohey $794, Rollins 1841. Arizona: Jones 3960, Wolf $191, PeeUes # Earrison ££99, 
Blumcr 1£81. New Mexico: Wolf 2714, 2842, Metcalfe 290, 1171, Wooton 2H4. Texas: 
Moore # Steyermark 3972, Ferris # Duncan 2930. Chihuahua: Pringle 7834, Goldman 
1414, Nelson 4874. 

The following specimens have small leaf-blades, but the slender narrow leaf and 
pointed teeth would indicate that they belong in this group: Arizona: Griffiths 4' Thorn- 
her 165. New Mexico: Diehl 492. Texas: Mueller S2$8. Chihuahua: Barber d' Town- 
send 144, 147, Nelson 6190, Mueller 1242. 

Hydberg (N. Am. FL 22: 263. 1908) does not separate australis from 
the more northern material and merely recognizes it as ‘^the form with 
thinner, more acutish leaf -blades and more simple toothing. As a whole it 
differs in leaf -size, breadth-to-leiigth ratio, toothing and length of sepals. 

2c. H. DUMOSUS var. Schaffneri (RyTlb-) Ley, comb. nov. 

Sericotheca Schaffneri Bydb., N. Am. FI. 22: 264. 1908; Holodiicitii Schaffneri 
Staiidley, Pub. Field Mus. Bot 4: 210. 1929. . ■. 

Leaf -blades scarcely pubescent beiieaUi with long hairs on veins and with 
gland-droplets between veins, the teeth broad, and rather rounded; leaf- 
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blades 1.5-4,5 cm. long, about half as wide; inflorescence 4r-8 cm. long, 3-7 
cm, wide. 

Type: San Luis Potosi, Mexico, Schaffner 457. Known only fToni the type region, 
""from sueli collections Q&\Parry # Palmer 2$$, MneUer ^$22, Lundell 5391. 

3. Holodiscus pachydiscus (Rydb.) Standley, Pub. Field Mus. Bot. 4: 

210. 1929. 

Rydb., N. Am. Fl. 22* 263. 1908. 

liUistmtionrWigViTQ^l. 

Older branches dark-gray with exfoliating bark, angled; young twigs 
light reddish-brown, pubescent, angled, internodes about one-half length of 
leaves; leaf -blades broadl.y ovate, more or less abruptly contracted at base 
with a short winged petiole, the apex obtuse, many-toothed, the teeth very 
broad and rounded, simple, ending in a short, blunt mucro, 3-4 on each side, 
the leaves pubescent above, grayish and villous beneath, the blades 1.5-3 cm. 
long, 0.8-2.5 cm. wide ; petioles 2-3 mm. long ; inflorescence spreading, com- 
pound, with a short dense pubescence, 3.5-15 cm. long, 3-15 cm. wide; 
pedicels 2-3 mm. long, with three linear bracts up to 2 mm. long; sepals 
triangular-ovate, glabrous within, acute at apex, 1.5 mm. long ; petals ellip- 
tical, 1.5-2 mm. long ; stamens as long as sepals, inserted on a thick fleshy 
hypanthium; carpels very villous. 

Type: Valle de Mexico, Tacuboya, Boiirgeau £67 (US. Photo of type, NY). Known 
only from a single collection. 

4. Holodiscus Boursieri (Carr.) Rehder in Bailey, Cycl. Hort. 1498. 
1915. 

Spiraea Boursieri Carr, Rev. Hort. 1859: 520, /. 108. 1859; Sericotlieca Boursieri 
Rydb, N, Am. FI. 22: 263. 1908; Holodiscus saxicola Heller, Mulilenbergia 1: 41, 1904; 
Sericotlieca saxicola Rydb. N. Am. PI. 22; 263. 1908; Sericotlieca ohovata Rydb. N. Am. 
FI. 22: 264. 1908. 

Illustration: Figure 6. 

A low shrub up to 1 m. high ; bark of older branches dark reddish, becom- 
ing dark gray, exfoliating; young twigs straw-colored, often angled, short- 
pubescent to villous-pubescent, internodes from half as long as to as long as 
leaves ; leaf -blades broadly obovate to orbicular, the base sometimes cuneate, 
more or less abruptly contracted, forming a short, winged petiole, the apex 
broad and rounded, many-toothed, the teeth broad and rounded, not deep, 
ending in a very short, blunt mucro, usually 3-4 teeth on each side extending 
at least to middle of leaf -blade, the leaves green or gray-green above, finely 
to villous-pubescent, grayish or whitish beneath, villous to villous-tomentose, 
often glandular, the leaf -blades 1-3 cm. long, 1-2.5 cm. wide; petioles 2-3 
mm. long ; inflorescence narrow to spreading, villous, 2.5-8 cm. long, 2.5-8 
cm. wide ; pedicels 1-2 mm. long, with three bracts, linear to narrowdy lanceo- 
late, 1 mm. long; sepals triangnlar-pvate with acute apex, 1.5-2 mm. long; 
petals oval, 2 mm. long, with a few long hairs at outer base ; stamens longer 
than sepals; carpels villous, 1.5 mm. long, styles 1 mm. long, achenes with 
straight upper edge and very convex lower edge. 

Type locality, California. Growing among rocks, between 4600 and 8000 feet, in tlie 
mountains of California and adjacent ’Represent alive specimens: California: 

Tram £50, Howell 13493, Hitcheoclc 4' Mgrtm, '■S'S57, Jones £506, Heller 14451, 7160 
(type no. of H. saxicola), 12896, Crum 007:8:,- JoAnsion 1566, Everett 7 £01, Wolf 5390. 
Nevada: Greene 1431. Intermediate between H. smicola and Bowrsieri, as separated by 
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some aiitliors, are Hansen Bracelin 913, Eastwood S49 ^ for this reason I cannot main- 
tain two separate entities. Although I have not seen the type of Spiraea Boiirsicri Carr., 
the figure given in the original description is well matched by Heller 13896, Everett 7331, 
^ Johnston 1566. ^ 

5. Holodiscus microphyllus Rydberg, Bull. Torrey Club 31: 559. 1904. 

Low spreading shrub, 15 em. to 2 m. high ; bark of older twigs dark red, 
later becoming dark gray and exfoliating ; young twigs reddish tan to light 
tan, giabrescent with gland droplets to villous-pubescent, the internodes 
from one-half as long as to as long as leaves ; leaves in fascicles of 1-8, obo- 
vate to spatulate with cuneate base deeurrent on petiole, the apex rounded, 
man 3 ^-toothed, the teeth usually small, broad, and rounded, often ending 
in a short, blunt mucro, 2-3 on each side, the leaf -blades toothed onh" above 
middle, light green or gray green above, giabrescent to villous above, gia- 
brescent with gland droplets to villous-tomentose beneath, white-silky be- 
neath in some, the leaf -blades 0.5-1.75 cm. long, rarely 2 cm. long, 0.3-1 em. 
wide; petioles 1-2 mm. long; inflorescence usually narrow and compact, 
rarelj" compound, villous, 2.5-3.5 cm. long, 1-3 cm. wide; pedicels 1-3 mm. 
long with linear bracts, 1 (rarely 2) mm, long; sepals naiTow, triangular- 
elliptic with acute apex, 1-1.5 mm. long; petals oval to elliptic, 1.5-2 mm. 
long, glabrous beneath or with a few long hairs at outer base ; stamens longer 
than sepals; carpels villous, 1 mm. long, styles 1 mm. long, achenes with 
straight upper edge and convex lower edge. 

KEY TO VARIETIES 

Leaf -blades pubescent to villous beneath, with hairs masking gland-droplets 
if these are present, often pubescent above. 

Leaf -blades villous beneath, finely to densely pubeseent above. Idaho, to 

California, and Colorado ..5a. H. microphyllus var. typieus. 

Leaf -blades densely white-silky beneath, villous above. Glark Co., Nevada, 

Arizona, and San Jacinto Mts., California, Lower California. 

5b. H. microphyllus var. serieeus. 

Leaf -blades giabrescent to glabrous beneath with evident gland-droplets be- 
tween veins, giabrescent or with a scattered pubescence above. Mts. from Ore- 
gon and California to Utah 5c. H. microphyllus var. glahresccns. 

5a. H. MICROPHYLLUS var. typicus Ley, var. nov. 

Holodscus microphyllus Bydb. Bull. Torrey Club 31; 559. 1904; Sericotheca micro- 
phylla Bjdh. N. Am. FI. 22: 264. 1908; Holodiscus discolor var. microphyllus Jepson FL 
of Calif. 2: 166. Sericotheca concolor Bydb. N. Am. FI. 22: 264. 1908. 

Illustration: Figure 1. 

Leaf -blades pubescent to villous above, villous beneath, 0.5-2 cm. long, 
0.3-1. 2 em. wide ; inflorescence 3.5-9 cm. long, 1.5-7 em. wide. 

Type from Alta, Wasatch Mts., Utah, based on Joms 1143 (NY, POM) ; range from 
California to Idaho and western Colorado. Mcprescntativc coUccttons: California: Heller 
13135, Bracelin 88S, Grant 1134, Eastwood 43$$, Grafts 6$5, Uunz 14819, 7635, Wolf 
1699, 7644, 7649, Johnston 1696. Nevada: Heller 19 $3$, 0S4$, Duran 3104. Utah: East- 
wood 7705, Jones 5531. Colorado: Baher, Earle # Tracy 8631. Arizona: Jones 6056. 

5b. H. microphyllus var. serieeus Ley> var. nov. 

Laminae foliorum supra villosae, infra albido-sericeae, 0.5-2 cm. longae, 
0.4-1 em. latae ; iiiflorescentia 3-6 cm. longa, 1—4 cm. lata. 
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Type; (Iriffitlis MiiPs bottom of rooky raviiie, Clark (k>., Novada, C/oA’/ // ;/o;0 (POM 
257589; isotypes NY, RAH). Ran^^'ing from soiithem Nevada to Lower ('aliforiua. Mate- 
rial seen: Nevada; Potosi Mt., Javier in 1930 (POAl) ; Jh lh r IUkhK Cloki y 755G, 71,18, 
i^RlzONA; Hnaeliuea. INfts,, Uilend in 1931 (LA). Calikornia: Haii darinto Mts., 
Jaeger in 1921 (POM). Lower CaeieokniA: /r////////.v Drniarer MUI , (Uddman 

This variety inifilit be eoiifiised with forms of lnjiiciix haviiijr densely 
villous leaves, but is more silvery beneath and with a f-'reater eontrast bi 
tween pubeseenee on the ii[>per and lower STirfaees than in lijpi'ciiK, whieh 
is almost equally vilhnis on both surfaces. 

5e. H. MiCROiuiYLLUs var. glabrescens (Greeuman) Ley, eond). jiov. 

Bpiraea discolor var. glahreseens Greenman, Krytliea, 7: 1 Hi 1899 ; Ilolodiscus gla- 
brescens Heller, Muhlenbergia 1: 40. 1904; iSV-rmoZ/n't'a Hy<lb. X. Am. PI. 22: 

264. 1908; M, discolor \‘di\ glahresemB Jepson^ Man. PI. Pl«. Calif. 479. 1925. 

Leaf-blades glabreseent to glabrous above, glahreseeiit to glabrous be- 
neath with many gland droplets between Y’-eins, 0.5-2 ein. loug, ().2-“1.5 cni. 
wide; infloreseeuee 3-10 em. long, 1-7 em. wide. 

Type from HteiiCs Alt., Oregon, Cusick IJdd (NY); ranging tkrongli inoimtains of 
Oregon and California to ITtali. Mepresenfafive nimbcrH: Oregon; Cusick 2716 , 1968 , 
Hitchcock iJOS , Ahratm 9600 , Thompson 12195 , California; Copeland, 875 , 3784 , Heller 
11667 , 11780 , Cooke 11505 . IJtapi: Leonard 129 , Lastwaod <p lloivell 7169 . Cofiam 45 S 5 . 

Ill infioreseenee, haliit, leaf-size and -shape, tins Y^’Eriety reseinbles var. 
typims; it differs in the glabreseenee of the leaves and the evident gland- 
droplets beneath. 

6. Holodiscus orizabae Ley, sp. nov. 

Illustration: Figure 2. 

Rami siibrubentes ad grisei, deeortieantes ; ramulis angulatis, villosis, 
internodiis plus qiiain diniidio longitiidinis folioruni; Jaiuinis folioriim 
lanceo-elliptieis, angustissiniis, einii base euneato, in iietiolis deenrrentibiis, 
apiee acuto in iniiero longissimo tenninando, foliis subintegris, deutibiis 
obscuris, mneronatis, tres utriiuque, laininis folioruni in snperfieie superiore 
giabris vel piibeseentibus, iiiferiore toinentoso-villosis, 2~3 em. lougis, 0.6-1 
cm. latis; inflorese.eutia ampla, ( 5 omposita, 6-10 em. longa, 4-8 cm. lata; 
pedieellis 0.3-0.5 cm. lougis cum tres braeteis laneeolatis, 2-3 mm. lougis; 
sepalis late triangulo-ovatis, ad apieem acutis, 2 mm. lougis ; petalis late 
ovatis ad orbiciilatis, infra piibeseentibus, in nervo mediano sericeis, 2 inm. 
lougis, stylis 1 mm. lougis, aelieniis eiim margine superiore leviter enrvata et 
inferiore gibbissima. 

Type: Vaqueria de Jaeal, Pieo de Orizaba, Mexico, lO-llOOO ft. Liehmann 1670 (HS, 
1012847; isotypes, NY). K.nown only from the type collection. 

The very narrow leaves of this species set it apart from any other form, 
and it seems advisable to recognize it as a clistinet species. It corresponds in 
leaf-shape to the description in 0. Kuntze^s key (Rev. Gen. 1: 226. 1891) 
of Schizonotus argent eus var. angustissimus. However, his description is 
very short and no specimens were cited by him. As I haYu^ not seen any 
specimens of this species annotated by him, I cannot Yvith any degree of cer- 
tainty designate this as the form to which he refers. 

7. Holodiscus pissus (Lindl.) Schneider, 111. Handb. Laubh. 1: 495. 
1905. 

Spiraea fissa, Lindl., Bot. Reg. 2, misc., 73. 1840; 28, Misc., 1. 1842; Schizonotus 
argenteus var. fi^ssus Knntze, Rev. Gen. 1: 226. 1891; Bchizo^ioliis discolor vdi*. fissus 
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Eehder in Bailey, CycL Am. Hort. 1627. 1902; Sericotheca fissa Eydb. N. Am. PL 22: 
265. 1908; Spiraea argeniea Bentli. PL Hartw. 82. 1841. Not S. argentea L. f. 11%l. Eolo- 
discus argeiiteus var. hifrons Pocke, Bot. Gaz. 18 : 200. 1893; Holodiscus Loeseneri I)am- 
mer, Eepert. Sp. Nov. 25: 385. 1919. ** ^ 

IlUistration: Figure 11, 

Slender sbrub 2-3,5 m. liig’li; branches angled, more deeply ribbed in 
younger twigs, older branches dark red to dark gray, exfoliating; young 
twigs tan to light reddish-brown, with a short, dense pubescence, sometimes 
villous, the internodes i to i length of leaf; leaf -blades lanceolate to 
oval, cuneate at base, decurrent on petiole, acute to acuminate at apex, 
ending in a sharp mucro, the teeth conspicuous, usually ending in a long, 
sharp mucro, frequently bent, 5-9 teeth on each side with many small teeth 
near apex, the leaf -blades glabrous above or rarely with a scattered pubes- 
cence in young leaves, with a short, dense pubescence beneath, often villous, 
particularly along veins, 2.5-8 cm. long, 1-4 cm. wide; petioles 0.5-1.5 cm. 
long; inflorescence sparse, spreading, villous, 9-20' cm. long, 5-15 cm. wide; 
pedicels 2-3 mm. long with lanceolate bracts, these 1-3 mm. long, up to 1 mm. 
wide; sepals triangular with acute apex, 1-2 mm. long; petals oval to or- 
bicular with fine pubescence scattered over back, particularly along veins, 
2 mm. long; carpels villous, 1-2 mm. long; styles 1-2 mm. long; aehenes 
with slightly curved upper edge and convex lower edge. 

Type collected by Hartweg in Mexico. Eange, southern Mexico to Guatemala. Material 
seen: Mexico — MichoacAn: Nelson 6583 (NY, XJS). Guerrero: AS. Nelson B210 (NY, 
US). Oaxaca: Smith 822 (US), Camp 2637 (NY). Chiafab: Seler 2156 (CAS, US), 
Seler 2238 (US; type collection of E. Loeseneri), Matuda 2580 (NY, MICH), Matuda 
5183, 0404 (MICH). Guatemala — QuichiS: Eeyde # Lux 3034 (NY, US; type collection 
of H. argenteiis var. hifrons Focke). Huehuetenango : E. Nelson 2666a (US) ), Salas 470 
(US). Chimaltenango : Eartweg 575 (NY). The specimen from San Juan Atitlhn, Dept. 
Huehuetenango, SkutcJi 117.9 (NY), is very small-leaved, but the acute apex and the shape 
of the leaf would seem to place it with E. fissus, 

8. Holodiscus argenteus (L.f.) Maxim., Acta Hort. Petrop. 6 : 254. 1879. 

Slender shrub 1-5 m. high, branches drooping, often dependent, ribbed, 
older bark reddish-brown to dark gray, exfoliating, young twigs angled, 
gray-brown to tan, with a short, dense pubescence, often villous, internodes 
about half the length of the leaf, leaves in dense fascicles ; leaf-blades^ ob- 
lanceolate to obovate, narrow cuneate at the base, decurrent on the petiole, 
the apex denticulate, rounded to round-obtuse, the lower three-fourths of 
the blade entire, the upper fourth denticulate, the teeth ending in a sharp, 
frequently bent mucro, 3-4 on each side, the leaf -blades glabrous to densely 
white-silky above, white-silky beneath, 1.5-3 cm. long, 0.5-1. 5 cm. wide ; 
petioles 1-3 mm. long; inflorescence sparse, spreading, usually narrow, 
densely villous-pubescent, 5-14 cm. long, 3-10 cm. wide; pedicels 2-3 mm. 
long, with 3 bracts, these lanceolate to broadly lanceolate, 1-3 mm. long ; 
sepals broadly triangular-ovate with acute apex, 1.5-2 mm. long ; petals oval 
to orbicular with a thick row of short, silky hairs along the back median line, 
extending to top of petal, more often with scattered pubescence on back, 
2-3 mm. long; stamens as long as sepals ; carpels villous, 2 mm. long ; styles 
1 mm. long, aehenes often slightly curved on upper {surface with a very 
convex lower surface. 

IllustraiiontWiguvoZ. 
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KEY TO VARIETIES 

eaf-blacles piibeseeiit above. 

Leaf'bl/ides equallv wliite-silky above ainl beiieatli. 

Sepals witli long dense pnbeseeiiee. Colombia 8a. I/, arf^enienn var. tiiplciifi. 

Sepals with short matted pubescenee. Chiajms, l^lexieo 8}>. urgent var. Mahulai. 

Leat‘-blades with a very short pubeseeiiee above. Oaxaea, ^^(‘.xieo. 

8e. JJ . argenteiis vrJiiiinvs, 

ieatNblades glabrous to glabiaxsi^ above. Ohiirialtenang(> ((,fiiat(‘mala ) and 

losta liiea -■.8d. /L argrnh iis var. a/pe.sam. 

8a. H. ARGENTEtTS var. typicus L<‘.v, va r-. iiov. 

Sinraea argentea L. f. Suppl. 2()L 178,1; EoMueus arg(n{et(,'< 'Maxim. Aeta ITort. 
^etrop. 6: 254. 1879; Schiz't^nohis argenlens Kiint/.e, Rev. Cen. 1: 225. 1891; Sericol heca 
Tgentea Rydb., N. Am. FI. 22: 2()(). 1908; Svhizoncrlm argenfeii,s var. Mnlisianus 0. 
dmtze, -Rev. Gen. 1: 220. 1891. 

Leaf-blades densely white-silky above and beneath; iniiores(,'enee 5-11 
nil. long*, 1~8 ciiL wide, the pedicels with, narrow .lanceolate bracts, these 2-3 
mil. long*, rarely 1 nnn. wide; petals with long, silliv Iniirs along back of 
iiediaii line ; sepals extreiiiely villous with nianx^ long liairs. 

Type eolleeted by Mutis in Colombia, given as New Granada. Range, Colombia. 
M^aterial seen : Colombia — ’Santander: KHlip c^' timifh 1S477\ 7877,0, /775./, 17440, 17Sl0y 
18576, 15795 Cuatrvcasas 1181, 1:499 (US). Ccndinamarc’A: Pennell 

W&5 (NY, US), (halreeasas 541:6 (T^S), Holton 949 (NY), Tnana MU. (NY, ITS), 
Andre lo 1006 (NY), B(4inlize 31 (X^^), Andre k 1007 {NY), 

8b. H. ARGENTEUS YHi*. Matudai Ijcv, var. nov. 

Laminae foliorum in superfiide superiore dense albido-sericeae, iiiferiore 
serieeae et villosae; intiorescentia parva, 3.5 cm. longa, 2 ('in. lata; pedicellis 
eiini bracteis lanceolatis, usque ad 2 inm. longis; petali^s externe |)ubes- 
centibus, sepalis cnm pnbescentia, breve et densa. 

Type: Mt. Taeana, Chiapas, Mexico, 'M.iituda ' Z303 (NY; isotypes, MTCH). Known 
only from the type collection. 

8c. H. AKGENTEUs var. velutinus (Rydb.) Ley, conib. nov. 

8erieoiheea ‘Veluiina Kydh. N. Am. PI. 22: 265, 1908; Ifolodisctts velntinns Standley, 
Pub. Field Mus. Bot, 4: 210. 1929. 

Leaf-blades with a very short, usually dense piibesc'ence above, velvety; 
inflorescence over 7 cm. long, tlie pedicels with wide bracts, th(*se broadly 


Explanation of figures 1-11 

Leaf shapes of the various species of Holodiscus. No slmding nor pubescenee is 
indicated. All drawings are made on the same scale; the length given ineluiis blade and 
petiole. Fig. 1. I!, niicrophylhis. Leaf 1.7 cm, long; Duran 3104. Fig. 2. H, orizahae. 
Leaf 2.9 cm. long; Liebmann 1670. Fig. 3. H, argentems. Leaf 2.3 cm. long; Killip and 
Smith 17254. Fig. 4. II, dutnosns var. austrcdis. hetit 3.7 cm. long; Wolf 2842. FiG. 5. 
II , dumosus var, typicus. Leaf 2.1 cm. long; Osterhout 2121. Fig. 6. H. BoursierL Leaf 
2.15 cm. long; Greene 1431. Fig. 7. if. paehy discus Phe&f 2.8 cm. long; Boiirgeau 267. 
Fig. 8. K. discolor var typicus. Leaf 7.1 cm. long; Thompson 9818. Fig. 9. JR, discolor 
var. franciscanus. Leaf 4 em. long; Santa Cruz Mts., San Mateo Co., Bond in 1928 (POM). 
Fig. 10. II. discolor var. dehiortcnsis. Leaf 3.2 cm. long; Parks 24019. Ym. 11, E, -fissus. 
Leaf 8.4 cm. long; Heyde and Lux 3034. 
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iaiu-eolMle ;ni(l witli Jipox, often 4 mm. lou”'. 1 mm, wide; silky pvibes- 
■euce seattered over hark of petal. 

Type: Eierra di* Sail Poltiip, Oaxa<aa, Mexico^ Smifh N// (NY; isotypc, US). Known 
>nly from tlu‘ typo kx-ality. OUu r maivrial ficcn : Mexico — Oaxaca: A'r /.soa (ITS). 

AlthoiiB’ii this variety' (litters from var. ////^rax in laekiuB' the silky" ap- 
pearaaee above, it does not seem to be siiffitoeiitiy' distimh to he made a sepa- 
i‘ate specdes as R,vdher<»* (op. (dt,) does. The leaf size and slupay and the 

infiorese(mc‘e are AToy like var. 

8d. H. ARGENTEUs var. alpesttis (Kvnitze) Ley, eomb. nov. 

ASeJm07i()ti{s (irfjenifiis yni\^a^ Hev. 0(*iu 1: 226. 1891. 

Leaf-blad(^s B*bd)rous above; intlorest'eru'e 5-11 em. loiip’, em. AAude, 
the pedicels with, widty lanceolate braids, these 2-A mm. lonp-, up to 1 mm. 
wide; silky- pubescence si^attered over back of petal, partic.mlarly' along 
veins. 

Ty]>e locality, Irazii, C(>.sla Rica, 6300 ni. Rango, Hopt. (liimaitmiango, (Juutemalaj 
and Oosta Rica. Material .seen: (U-atemaea— Uhimai.ten'akoo: SlaudJfii (nS4J (NY'), 
^kufeh 4J0 (MICH, US), Skafah in (VH), AVLr A/07 (NV, POM, US). (Msta RmA— 
CartaCtO: llerlarUnn of 0. Kwntze ;A/JN (NV), Pit tar 6' Durand IS7 (INS), Ornied 166S 
(NV, US), Flitler 14VI1 (US), Kiedrrlvin (US), N/o?/.‘ A4o (US), Hondee d' t^tork 911 
(NY, ITS). Sax TosiL* iHlandfry 4’* Valrrio 449.1,7 4J!d!J (US). Om* sp(»cinipii-™]>knns near 
Teepam, Dept. Cdnmaltciiango, (Liammala, tdkulch ,144 (X^S)“-haH an acuti* apex and 
conspicuous teeth, i*(.‘seinl>]ing If, fisuus: however the sniall size and villous condition be- 
neath would indicate it to la* var. alptsfriu. 

■ UNCERTAIN B'PECIES 

Sptmvu ynexicand Scliiede, ined. 1835; Regel, Ind. Kem. Ilort. Petrop. 
1857 : 58. 1858. (ScJiizonoftts argcntvm var. Niexianius Kuntze, Hev. Gen. 
1 : 226. 1891). The ty-pe of this s[)ecies was not available, and the (U^siTiption 
is so short as to be of no aid in determiniiig status. The country- is given as 
unknown, but it would evidently be M^exican. Kuntze (Lc.) places the var. 
'HiexicanuH in his koy near to t^eJnzonotus argettted^ var. fissus. He doi^s not 
cite specimens and consequentl.v it is not known whether this s))e(dmen was 
cuatessible to him. Schneider (Ilandb. Laubh. 1 : 497, 1905) in his treatment 
of the genus cites this species as a synonym of II. fissits. 

The foliowdng varietal names proposed by O. Kuntze, Rev, Gen. 1: 225-6 
(1891), in a key but without suffiedent descriptions and without citation of 
specimens, are uncertain: idchizonotiDi argent en.s var. angnstissimns, may- be 
H. orkahae; 8. argeniens var. grisem^ may be IL (himosHs auh*. Scliaffneri; 
S. argeniens var. ■mtermedius, may- be H, pachydisens. M(^xican and >South 
American specimens were studied from both, tlie United States National 
Herbarium and the NeAv York Botanical Garden. None of this material could, 
be identified as that upon which 0, Kuntze based the above varieties. The 
Field Museum contained no material of Holodiscus collected by- Kuntze. 
Since these three institutions are the only ones in this country- known, by me 
to have specimens of Kuntze ^s, it has been impossible to detiuTuine in vA’^hieh 
species Kuntze ’s A-arieties should be placed. 

Pomona College 

Claremont, California f 
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THE SECTION SEDASTRUM OF SEDUM^ U 
Robert T. Clausen 

Seclastrum was first described as a genus by Rose in 1905 (N. Am. Flora 
22(1) : 58). As basis for the generic status distinct from Sedum^ Rose cited 
the dense basal rosettes of leaves, the numerous stems dying down to the 
base after flowering, the more or less paniculate inflorescences and the erect 
carpels concave under the scales. Berger (in Engl. & Prantl, Nat. Pfl. ed. 2. 
18a: 445. 1930) reduced the genus to the status of a section of men- 

tioning as eharacteristies the details already indicated by Rose, also the more 
or less fleshy, thickened rootstocks. Proderstrom^ designated Bedastrum as 
Group 10 of his Section Americana Orthocarpia, As diagnostic character- 
istics, he mentioned the usually pubescent, dense, 8em>pervivimi-like basal 
rosettes, the paniculate inflorescences and the very thin, usually wavy petals. 

The floral structure of Sedastritm seems sufficiently similar to the con- 
dition in Sedimi to justify the continuance of this group of species in sub- 
generic rank rather than as a full genus. The vegetative eharacteristies 
which seem most important are the dense rosettes of leaves at the bases of 
the stems, the habit of the fertile shoots dying back to the base after flower- 
ing, and the thick rootstocks. The concavity of the carpels behind the scales, 
originally pointed out by Rose, perhaps is also important. As now under- 
stood, there are six species, all of which occur in Mexico, ranging from 
southern Coahuila to central Oaxaca. 

The characters available for separating species of Bedastrum are mostly 
afforded by the vegetative structures— the habit of the plants, shape of 
leaves and pubescence. The flowers seem to be rather similar throughout the 
section, although the inflorescences vary considerably. The interpretation 
presented here is based largely on the examination of herbarium specimens, 
supplemented by study and observation of fresh plants, in cultivation, of 
four of the species. The present paper is not a final pronouncement on 
S edastrum ^ hut merely presents a summary of some of the available infor- 
mation and explains various names which I have used in identifying speci- 
mens. Before a final account of this section is possible, much more collecting 
and observation must be done in Mexico and careful cytological and geneti- 
cal studies must be made. 

The center of distribution for Bedastrum seems to be central Mexico, the 
area in which the largest number of species occurs. Differentiation seems to 

1 Studies ill tlie Crassulac^^ — ^IV. T x Txr 

2 Froderstrom, Harold. 1935. Group 10. Sedastrnm. In: The genus Sedmn, Part IV. 

Acta Hort. Got. 10(Appendix>r72-79.^^r^^^ 
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hiwe dov(‘I<)])tHl from this (HMitcr, but available data are insuffiident at pres- 
ent to warrant sf)eeulati()n on the topie of phylogeny within the s<‘rti()n. 

In tjie following ae(‘onnt, names of herbaria are ai)l>reviated as*. BII, 
Bailey ITortorium,- Ch)rneil rniversity; CU, DepartnnMit of I>otan\\ Cornell 
University; NY, Yew York ICtaniiml Garden ; Porn, Pomona College; and 
ITS, United Statens Natmrial IrPndrariun^^^^ 


KEY TO THE SPECIES OE SECTION SEDASTEUM 
A. TTcnvcrijig stonis cnu-t (somrt’aiies sliort (leruiraH^iit) ; glabrous 


or hairy B 

B, Plants glabrous or hairy, Imt never densely pubeseeiit. 

C, Leaves oldong, ovate or eordate ... I) 

1). Phoits la rg(*, ranging ill height ftroin IIlLoB eiu. ; bra nehes 

ot' iiiliores(H‘ne(‘ 2-“d0 ein. long 1. S. ehracieatim 

HI). Plants smaller, ranging in height from LI-HO ton. E 

H. Lea v(^s thiek% glabroiis; taarptds glandular t. S, 

EE. Leaves thin, stnnewhat ha carpels sinuotli , , M. S. clHipalense 

CC. Leaves narrowly linear or oblanceolate ... h. S. Tlrmslryanum 

BB. Plants densely piihesceiit 4. B. Hintonii 

AA. Plowt'ring steins |>rocumheut or prostrate (sometimes hanging) a. S. iureriim 

1. Sedum: ebeacteatum A.P. DC. in Mein, snr la Fain, ties Crassulaeees, 
37. pL 6, fig, B, 1828, Tn tlie original diagnosis, tin* stem Avas destn-ibed as 


tortuous and creeping at tin* bast*, with the flower-bearing ])ai*t (*rect and the 
leaves glabrous. Tiie figure shows a completely glabrous plant Avith thick 
fleshy oblong or ovatt* blunt leaves and A\dt}i a mmdi hi-amdied, ])anieulate 
cyme. A definite type locality was not designated. Both descri])tion and fig- 
ure Avere obtained from Moeino’s unpublished Flore <h( M.e'xi(iue, Saunders 
(Kef. Bot. 4: pi. B2J. 1871) iniblished a colored plate of tins spetdes Avitb the 
basal leaves obovate, pah* green and glabrous; and the stems glabrous. No 
pubeseence ap|)ears in the colored plate exc(*pt that tin* sepals seem to be 
ciliate. Hemsiey (Diag. Pi. Nov. 1: 11. 1878) redefinetl the species, appar- 
ently basing his eonehisions on a cultivated plant in the herbarium at Kcav. 
He stated that the species Avas jioorly described by Haiinders, but Saunders’ 
description seems to check reasonably Avell Avith that of De (kuidolle. Ilems- 
ley described the leaves as oblong and white-pubescent and the cymes as 
spreading, also be Avrote that the floAveriiig branelies are erei-t. Probably 
Henisley had a specimen of a pubescent phase of tin* species, not an exact 
match for the plant illustrated by De Candolle. 

Sedastrnm ehracteatum (DC.) Rose, N. Am. FI. 22: 59, 1905. 

Sedastriim rubricaule Rose, N. Am. PL 22: 59. 1905. Based on plants col- 
lected by Dr. E. Palmer near Concepcion del Oro, State of Zacatecas, Mexico, 
Nov. 22, 1902 (No, 386), I have seen specimens from this collection. They are 
similar to the specimen figured by De Candolle. Like the type of the spe(des 
they are almost glabrous and not to be regarded as varietal ly distinct on 
this basis. 

Sexhmi rubricaule (Rose) Praeger, Jour. Roy. Hort. Soe. 46: 132. 1921. 

Sedum harrancae M. E. Jones, Contr. West. Bot. 18: 37. 1935, I have 
seen the type, Avhich is No, 191717 in the herbarium of Pomona College. It 
is the collection of M. E. Jones, No. 27845, Nov. 17, 1935, from Avet loose soil 
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under cliffs at La Barranca, Giiadaljara, Mexico. Jones did not mention iiow 
to distingiiisli Ms species S, barrancae from S, ebracteahim^ 8. incertimi or 
any otlier species of Sedimi. 

8edum ebracieahmi var. rubricmile (Rose) Froderstrom, Act. Hurt. Bot, 
10(Append.) : 73. 1935. 

Tufted perennial witli stems rigidly erect or short decumbent, 30-58 cm. 
high, glabrous or puberulent towards bases; rootstock fleshy-thickened, with 
fibrous roots and one or several dense rosettes of fleshy yeilow-green leaves, 
obovate to ovate-elliptical, and either hairy or smooth; flowering stems green 
speckled with purple upwards, 8-10 mm. thick at base, 4~7 mm. thick just 
below inflorescence; cauline leaves oblong, oblong-lanceolate, elliptical or 
ovoid, blunt or acute, often clasping at base, 0.5-3.8 cm. long, 0.5-1.0 cm. 
wide, mostly reflexed and withered at time of flowering; inflorescence a lax, 
spreading paniculafe cyme, with the branches 2-30 cm. long ; flowers sessile, 
5-merous ; sepals green, oblong-ovate, obtuse, 2-3 mm. long, unequal ; petals 
white with green median stripe dorsally, spreading or recurved, broadly 
oblong-ovate, 5-6 mm. long, united below; stamens 3-4 mm. long with fila- 
ments white and anthers pink; scales nearly square, about 1 mm. ; carpels 
greenish, 4-6 mm. long, connate at base, wdth styles divaricate. 

8. ebracteatum occurs under and about cliffs in central Mexico in the 
States of Hidalgo, Jalisco, Zacatecas and Durango. Specific altitudinal data 
are not available. 

S'pecmiens seen: northernmost— Concepcion del Oro, State of Zacatecas, 
Edw. Palmer 386 (NY) ; easternmost — ^near Dublan, State of Hidalgo, J. N, 
Rose (& Robert Hay 218 (NY) ; westernmost — Gxiadalajara, State of Jalisco, 
M. E, Jones 27845 (Pom) ; southernmost — same as westernmost; oldest— 
Nov. 22, 1902, Concepcion del Oro, Edw. Palmer 386. Number of collections 
seen— 6. 

Flowering time seems to be November. 

Principal variations are in pubescence and habit. Some plants are gla- 
brous, others are very pubescent. Likewise, the flowering stems may be erect 
from the base or procumbent. 

8. ebracteaUmi is occasionally cultivated in greenhouses in temperate 
regions. Plants from cultivated sources have been correctly named. 

2. Sebum glabrum (Rose) Praeger, Jour. Roy Hort. Soc. 46: 127. 1921. 

8edastr%m glabrum Rose, N. Am. Flora 22 : 59. Based on plants collected 
by Dr. E. Palmer at Saltillo in the State of Coahuila. 

Perennial with stems erect or very short decumbent, 15-30 cm. high, 
usually glabrous throughout; rootstocks fleshy thickened, bearing one or 
several thick rosettes of fleshy, yellow-green, oblong, acute leaves which are 
convex dorsally, flat on the ventral face, 0.5-4 cm, long, 0.2-1. 8 cm., wide and 
0.2-0.7 cm. thick ; flowering stem 2-6 mm. in diam. at base, 0.5-4 mm. in 
diam. just below inflorescence; cauline leaves oblong, acute, crowded, some- 
what ascending at time of flowering, 0.2-2.7 cm. long, 0. 1-0.9 cm. wide; inflo- 
rescence a paniculate cyme with the branches either ascending or recurved, 
0.5-11 cm. long ; floral bracts similar to the leaves, but markedly reduced 
upwards ; flowers sessile or almost so ; sepals green, oblong-ovate, obtuse, 2-3 
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m. long'; petals wliite, spreading, obloxig-laiieeolate, aeiite, 6 mm. long; 
amens 4 mm. long; scales almost s(|uare, less than 1 mm., carpels greenish, 
mm. long, glandular. 

Knowii to me only froin limestone liills near Saltillo, Coahiiila {E. Pal- 
her and other eolleidions [NYl ; and 0. (r. Pringle 10090 [(dJ]), at an 
[evation of about 1830 m. ; and from Santa Maria del Eio^ San Luis Potosi, 
^ Palmer (NY). The rosettes of the plants from San Luis Potosi are some- 
diat haij*\\ Number of collections seen, — ^5. 

Tlie period of flowering seems to extend from July to Septcnnber. 

Seduin glabrum is rarely cultivated. From the horti('ultiu*al trade I have 
eceived it as Sedastrum Palmeri (a manuscript name of Rose, used on her- 
larium labels and published in synonymy by Froderstrdm, Acta Hort. Got. 
.0 (Appendix ) : 78. 1935), Plants cultivated at tlie New York Botanical 
jardeii under another of Rose’s manuscript names, S, turgidum (also pub- 
ished in synonymy by Froderstrcim, he.) are doubtfully to be referred here. 

3. Sedum chapale.vse S. Watson, Proc. Am, Acad. 22: 411. 1887. Based 
>11 a specimen from Chapala, State of Jalisco, Mexico, collected by Dr. E. 
Palmer and preserved at the Gray Herbarium. 

Sedaoitrwyn chapahmse Rose, N. Am. Flora 22: 59. 1905. 

Perennial from a stout rootstock bearing one or several dense rosettes of 
obovate or ovate, acute, puberulent leaves; flowering stems l()-2() cm. high, 
glabrous, with the leaves ovate, acutish, ().4-2.0 cm. long, puberulent; inflo- 
rescence a paniculate eynie witli the branches more or less recurved and the 
sessile flowers densely crowded; sepals oblong-ovate, aeutisli, 2™3 mm. long, 
green; petals broadly oblong-ovate, acute, contracted towards the base, 5 
mm. long, wiiite; stamens 3-4 mm. long; nectar scales rounded at apex, 
broadest at base, about 0.5 mm. wide and 0.5 mm. long ; pistils 5 mm. long, 
greenish, smooth. 

Known at present only from the region of the type locality, Chapala, in 
the State of Jalisco, at an altitude of 1700 m. This species apparently is not 
cultivated. 

When more collections are available, they may prove that 8, ehr act e- 
atwm, 8, (jlabrnm and 8. chapalense are conspecifie. Not enough material is 
now at hand to warrant such lumping, but the ditfcrenees between these 
several so-called species seem relatively nnimportant. 

4, Sedum Hintonii Clausen, sp. nov. Figure 1. 8eclum, sectioiiis Se- 
dastrum, dense pubescens; rhizoma robusta prostrata, 5 mm. diarm, rosiilas 
densas ferens; folia rosularum eongesta, anguste oblonga vel elliptica, 1,5-5 
cm. longa et 0.3-1.0 cm. lata, apice obtuso, fulva quando sicca ; caules floriferi 
ad 24 cm. alti, foliis lanceolatis, acutis, arnplexicaulibus, 10-12 mm. longis, 
4-5 mm. latis ; inflorescentia eyma paniculata, ad 15 cm. longa, ramis late 
divaricatis ; flores sessiles ; sepalae 5, ellipticae-ovatae, obtnsae, 2.5 mm. 
longae, 1.2 mm. latae ; petalae 5, oblongae-laneeolatae, patentes, 4-5 mm. 
longae, 1.5 mm. latae; stamina 10, 2-4 mm. longa; squamae oblongae (fere 
qiiadratae), 0.3 mm. longae; earpella 5, 4 mm. longa; interiiis gibbosa, 
breviter eonnata ad basim, stylis graeilibus; semina rubra, subpyriforma, 
0.7 mm. longa. 
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Perennial herb with prostrate stont rootstock, 5 nini. in diain., bearing 
slender roots and several dense x'osettes; stems, leaves, branches of the inflo- 
rescenee and sepals all densely pubescent with the hairs white, hyaline, 
mottled and somewhat flattened and stiff, to 1.5 mm. long; leaves ’of the ^ 
rosettes crowded, narrowly oblong or elliptical, 1.5-5 cm. long, 0.3~1.0 cm. 
Avide, obtuse at apex, yellowish brown when dried; flowering stems to 24 cm,, 
high Arith the leaves lanceolate, acute, cordate clasping at base, 10-12 mm. 
long, I'-S mm. wide; inflorescence a paniculate cyme to 15 cm. long with the 
branches AA’idely spreading and the flowers crowded, and sessile, 3-10 on a 
branch; sepals 5, elliptical-ovate, obtuse, 2-2.5 mm. long, 1.2 mm. wide; 
petals 5, oblong-lanceolate, spreading, with crisped margins, 4-5 mm., 1.5 
mm. wicle; stamens 2-3 mm. long; nectar scales oblong (almost square), 0.3 
mm. long ; carpels 5, 4 mm. long, ventrally gibbous, briefly connate at base, 
AAnth the styles slender ; seeds red, subpyrif orm, 0.7 mm. long. Pinzan, 830 
m., Coaleoman, State of Michoacan, April 13, 1941, G. B. Hinton et al. 15926 
(type US 

This species, known at present only from the type collection, differs from 
the other described Sedastrums in the abundant and peculiar pubescence, 
the floAA^ers densely crowded on the branches of the inflorescence and the 
small lanceolate cauline leaves. It is probably nearest to S. chapalense and 
may be derived from that species. I am grateful to Mr. C. Y. Morton, of the 
United States National Herbarium, for bringing to my attention Hinton ^s 
collection of the new species. 

5. Sedum incertum Hemsley Diag. PL Nov. 1: 11. 1878. The type in the 
herbarium at Kew has not been available to me. It is the collection of Bour- 
geau, No. 1181 ^ from the Valley of Mexico. The original description seems 
reasonably clear: leaves fleshy, glabrous, broadly ovate or almost round, 
obtuse ; floAA^ers sessile in short congested cymes. This description fits rather 
well various specimens from Mexico. 

Sedastrum incertnm (Hemsley) Eose, N. Am. FI. 22: 59. 1905. 

Lax perennial with stems procumbent or even hanging, glabrous or 
puberulent towards base ; rootstock fleshy thickened, with fibrous roots and 
one or several dense rosettes of lustrous yellow-green fleshy leaves, ovate to 
oblong-elliptical and either glabrous or puberulent; stems 15-38 cm. high, 
3-8 mm. thick at base, 1-3 mm. thick towards top; cauline leaves ovate, 
oblong-ovate, broadly elliptical or orbicular, blunt, often broadly rounded, 
0.5-3.6 cm. long, 0.4-1. 7 mm. wide ; inflorescence a paniculate cyme with the 
individual branches of a single inflorescence usually less than 4 cm. long 
and bearing 1-6 flowers; flowers sessile, 5-merous; sepals green, oblong-ovate, 
obtuse, 2 mm. long ; petals white, often with green median stripe, spreading 
or recurved, broadly oblong-ovate, 4-5 mm. long; stamens 5 mm. long with 
red anthers; scales subquadrate, about 1 mm.; carpels greenish, 4-5 mm. 
long.^ 

8. incertnm occurs on ledges and cliffs in central Mexico in the State of 
Hidalgo and the Federal District, probably also elsewhere. 

Specimens northernmost — ^near Tula, 2068 m,, State of Hidalgo, 

G. G. Pringle 8693 tCU, NY) ; southernmost— cliffs above Guadalupe, Fed- 
eral District, 2286 m., C. G. Pringle 869$ 1/2 (CU, NY). Number of collec- 
■^tions'seen — 6. L,/:. : 
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Flowering time seems to be October and November. Cultivated plants, 
received as 8. incertum and 8. ehracteatum, flowered at Ithaca, N. Y., in 
December and January. 

71 

6. Sedum Hemsleyanum Rose, Bull. N. Y. Bot. Gard. 3: 41. 1903. Based 
on three Mexican collections : F, Muller 322 from Orizaba, C. G,. Fringle 
6042 (type) from near Oaxaca City, and E. W. Nelson 2001 from between 
Petlacingo and Acatlan. I have examined representatives of all three col- 
lections. 

Bedastrim MemslsyamimMo^^ N. Am. FI. 22: 58. 1905. 

Sedastrum Painieri Rose, N. Am. FI. 22: 58. 1905. Based on plants col- 
lected near Cuernavaca, Mexico, and differing from S. Hemsleyanum pri- 
marily in being less pubescent and having oblanceolate cauline leaves. Speci- 
mens of the type collection impress me as being very similar to S. Hemsley- 
anum and not specifically distinct. 

Bedastrum pachucense C. H. Thompson, in Trans. St. Louis Acad. 20: 
21. pL 10. 1911, Based on plants collected at Pachuca in August, 1910. The 
illustrations accompanying the original description, depicting this species 
and 8. Hemsleyanum, demonstrate the great similarity between the two. 
Praeger'^ has indicated the differences between them, but these impress me 
as relatively unimportant and not reliable. 

Sedum pachucense Praeger, Jour. Roy. Hort. Soc. 46: 128. 1921. 

Sedum Painieri A. Berger, in Engl. & Prantl, Nat. Pfl. ed. 2. 18a: 445. 
1930. 

Tufted perennial with stems erect or spreading, 10-26 cm. long, glabrous 
or pubescent ; rootstock somewhat thickened, with several dense rosettes of 
spatulate, elliptical, or oblanceolate leaves, 0.5-1.0 cm. long, 0.1-0.3 cm. wide, 
blunt ; cauline leaves, linear, narrowly elliptical or oblanceolate, usually 
terete or almost so, green or red, 3-20 mm. long, 0.5-4. 5 mm. wide, acute or 
obtuse; inflorescence a paniculate cyme, 4r-9 cm. long, with the branches 
0.7-2.5 cm. long; sepals ovate-elliptical, acute or obtuse, 1.5-3 mm. long; 
petals white, oblong-lanceolate, 3-4 mm. long; stamens 2 mm. long; scales 
subquadrate, yellowish; carpels 4-5 mm. long, greenish white, with the styles 
slender to divergent. 

S. Hemsleyanum grows on ledges and rocky banks at elevations of 1250- 
1700 mm. in the States of Hidalgo, Morelos, Oaxaca, Puebla and Vera Cruz. 

Specimens seen: — ^highest altitude — 1700 m., vicinity of Cuernavaca, 
State of Morelos, Dec. 1, 1932, H: Frodersirom & E. HulUn 536 (NY) ; low- 
est altitude— 1250-1463 m., between Petlacingo and Acatlan, State of 

Explanation of figure 1 

"Wia. l. Be dumlEmionii. Drawings by Miss Julia Donaldson from the type collection. 
A. Habit sketch (xO.7). B. Elower from above (x2.25). 0. Flower from side (x2.25). 
D. Petal and two stamens (x 3.5). E. Carpels (x3.5). F. Single carpel (x4.5). G. Kectar* 
scale (X 7). H. Seeds 

3 Praeger, E. L. 1921. An account of the genus Sedum' as found in cultivation. Jour. 
Roy. Hort. Soc. 46: 1-314. 
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’iiphl-i Mnv 20 1894, E. ir. Nflifon 3001 (NY) ; iiortlieniiuost Paehuca, 
ra <>L tin* siua-iiuens Oes-olbed as Scdastrum packnemse; eastemmos - 
3rizaba,' Au-.l 1853, E. Miilkr (NY) ; ^vesteLlUllOst— sunie as lowst alti- 
•vule- soutlu'i-mtiost — near Oaxaca, State ot Oaxaca, Nov, 1^,, 18.4, C. G. 
SSi/A Wbi (NY) ; ol(lcst-1853, Orixaba, F. Mvller. Number ot collections 

time, as determbuHl from dabi with herbarium sDccbuens 
exteiirfiaau SeptemlKU- to Beceu.bciv I>lauts m cultivatu.u m eastern Imited 

States usually flower in December aud January. 

N’ Ilnnsinpanm differs in the degree of pubescence the amount of red 
nioTOenta i m and the relative acuteness or bluntness ol the canime leaves. 
N,;; «h specinmiis are yet available to demonstrate the deg.-ee ot s.gnifi- 
("aiict* ot- tlioso yarial ioii!^. 

S^lTMMAKY^ 

8<!(Ia.s1rum is maintained as a section of Scduni. Six species are recog- 
nized one of which. S. Il'mionu from the State of Michoacan, is desc-ribed 
as new. Four species, previously described, are relegated to synonymy. 
DkPARTIMI^NT of l^OTANY, CORNELL llNlVERi^ITY 
C,riiA<"A, New York 
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# A PRELIMINARY INVESTIGATION OF THE NORtH 

AMERICAN CANES (ARUNDINARIA) 

Charles L, Gilly 

During* tlie eour>se of certain recent routine icientifications, the problem 
of specific deliinitation within the native canes of North America was again 
brought to my attention^ When the specimens in question were determined 
by means of the available keys to the genus there seemed to be scant question 
of their identity, for the differences given between Arimdinaria tecta and 
A. gigantea {A. niacrosperma)'^ seemed adequate for differentiation between 
the twn species therein recognized. However, a subsequent comparison with 
material in the herbarium raised the question whether the differences given 
in the keys were really fundamental. From the preliminary examination of 
the available material it seemed that it would be advisable to make a further 
study in an attempt to ascertain if there might be differences, other than 
those of groAYth-habit, which could be used to separate unit-entities within 
the North Anierican Arimdinan^^ 

A review of the literature on the native canes revealed that Brown has 
questioned the advisability of using the habital differences for specific delirni- 
tation.^^ Upon the basis of a study of material from Louisiana, he decided 
that only one species was present in that state; that it exhibited, under vari- 
ous conditions of growth, the two habital forms considered as typical of the 
two species (or species and variety) usually recognized. My study of the 
specimens available in the herbarium of the New York Botanical Garden 
supports BrowuUs contention so far as the Mississippi Valley and certain 
adjacent regions are concerned. However, an examination of specimens from 
the Atlantic Coastal Plain of Virginia and North Carolina leads me to believe 
that Brown was not justified in further assuming, on the basis of material 
from only one portion of the total distributional range, that all populations 
of Arundmaria in North America are to be included in a single species. It 
should be noted that Brown, like most others who have worked with North 
AmeAem Artmdimria, apparently did not consider tlie struetural charac- 

America as used tliroughout this paper excludes Mexico; the species of 

ill that country and throughout Central America do uot appear to be directly 

concerned in the present problem. 

2 The liases A, tecta (Walt.) Muhl. and (Walt.) Chapm. are used for 

the two species recognized by Hitchcock (Hitclicock, A. S. 1935, Manual of the grasses 
of the United States, 29~30, 802--803). A, macrosperma usually regarded as 

synonymous with M. gigantea, and is used instead of the latter name for the large cane 
of several of the current manuals. 

3 Brown, C. A. 1929. Hotes on Arimdinaria, Bull. Torrey Club 56: 315-318. 
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;er8 of the spikolets ; at least he makes no imnitioii of tiu^se or^-ans, other than 
X) speeif.N^ tlit^ manner of tiieir arrang'ement in :in^^or<^s<*ene(^s. 

A (-onsideration of deseriptions and keys in the (Mirixmtly available 
naiiual treatnumts of Ariiiulltiaria;^ and of the (n-i.ninal d(‘seriptions of the 
imrions s])(H'if1e or subsperifie entities proposed in the Xortli Aineriean seg- 
ment of the genus, reveals one very surprising thing. Altiiongh tln^ morpho- 
logieal eharaeters of spikelets and florets are eonsid(‘red as pi‘oviding the 
hindainental diagnostic^, eharaeters for the elassifieation of tln^ grass(‘s, these 
eharactei's have almost never been utilized in studies of the' native North 
Aineriean eanes. Britton (1. cn) and Britton and Brown (I. e.) pulilished the 
only Amerieau niainial treatments in. whieh the spikt‘lets have been con- 
sidered mucdi beyond the fact that they are sometimes present on the plants. 
Even here tlie spikelets were given no real empliasis, and wcn*e not used in 
the differentiation, of the species recognized by tliese authors. Uupreclit and 
Munro, European students of the Banibuseaej considcn,*ed the characters of 
the spikelets in. some detail.’"* Tiie former ntilized spikelet ditfm*enc(‘s to sepa- 
rate varieties of ..1. fveia, and the latter mentioned ctndain of these differ- 
ences but rejected them on the basis of apparent ‘^intermediates'’ available 
to him. 

It is jiertinent to this discussion to note that the speeiuums from which 
the illustrations of A. giijaniva and A. tecta in Iliteheock’s Manual (1. c., 
figs. 1 and 2) were drawn botfi came from Virginia (Chase d.s*8(/ and 5881). 
Although I have not seen these particular specimens, Ihe illustration of A. 
tecta agrees exceedingly well with a specimen collected in Virginia by Mrs. 
Chasej and widely distributed as Anier. (h\ Nat. Herb. no. 498. The dimen- 
sions of tlie spikelets as illustrated for A. gigantea indicate that they are 
quite similar to those illustrated for A. tecta. When the spikelets of the Chase 
specimen from Virginia were compared with those of Brown 4048 (the only 
specimen from Louisiana available to me), certain rather striking differ- 
ences, whieh appeared to merit fiirfher eonsiderati()ii, wei*e observed. 

-^Britton, K. L. 1901. Mauual of tbe flora of tlie Kortliora Staten and (.’‘aiiada, 185. 
Ill siibseqiaoit editions tlie treatment of xinendinuna is luieiiauged. Britton, N. L., & 
Brown, A. 3913. An illustrated iiora. of the Northern United IStates, Uanada and the 
British Possessions, cd. 2. 1: 295. Hitchcock, A. S. 1935. Manual of the grasses of the 
United States, 29, 30. Bohinson, B. L. & Femald, M. L. 190S. A. handbook of tlie flower- 
ing plants and ferns of the central and northeastern United States and adjacent Canada 
[Grays' New Manual of Botany, Edition 7], 1-17.1. Small, J. K. 1933. Manual of the 
Boutheastern Flora, 138, 139. 

r> Bnprecht, F. J. 1839. Bambuseae. [separate from] Act. Acad. Caes. Petrop. VI. 
5(2): 1-74. pL 1-lS. This wxis reprinted with different pagination lairly in the following 
year; the correct citation of this second issue, according to data published by P. .L. Bicker 
(Proc. Biol. Soc. ‘W'ash. 21: 11-18. 1901.), is as follows: Mem. Acad. St. Petersb. 5(2; 
Sc. Nat. 3^): 91-165. %)l. 1-18. 1840. Ilitelieock (1. c.) has used essentially this last citation 
in the listing of certain Buprecht names, but has erroneously given the date as of the 
earlier extract. Miinro, Col. W. 1868. A monograph of the Bambuseae, including descrip- 
tions of all species, Trans. Linn. See. 26: 1-157* 


1943] 


GILLY: ARUNDINARIA 


299 


The next step in this preliminary stndy was to sort all available spikelet- 
bearing* specimens of North American Arundimria into two groups, using 
the spikelet characters of the Chase and the Brown specimens as criteria for 
this sorting. Most of the specimens examined could easily be referred to one 
or the other of the two groups, but a few were apparently intermediate in 
varying degrees - these ' 'intermediates'' will be more fully discussed in a later 
paragraph. It was discovered, when the sorting of specimens had been com- 
pleted, that those with, spikelets similar to those of the Chase specimen were 
almost entirely restricted in distribution to the Atlantic Coastal Plain (see 
map, fig. 1) . For subsequent discussion these will be considered as constitut- 
ing the ailanUc-type of North American Arundwnnh. The specimens with 
spikelets similar to those of the Brown specimen- — although they collectively 
occupy a much wider distributional area than the name would imply — ^will 
be referred to as the mississippi-type^ because this appears to be the only 
sort of spikelet represented in the cane populations of the Mississippi Val- 
ley.® These two spikelet types may be characterized as follows : 

Mississippidy^ Spikelets 5-8 (-10) -flowered, 3.5-5 (-7) cm. long; lem- 
mas green or greenish, densely pubescent or rarely glabrescent in age, with 
conspicuous transverse thickenings between the nerves, the lower and median 
lemmas 1.5-2.75 cm. long, tapering to an acuminate, long-acuminate, or sub- 
aristate apex; inner glume one-half or slightly less than one-half the length 
of the lemmas, greenish, pubescent, acute at the apex, the median one of the 
several equally prominent nerves reaching the apex; outer glume similar to 
the inner but smaller (figure 2, M1-M4; localities where specimens with this 
sort of spikelets have been collected are indicated on map, fig. 1, as black 
disks). 

Atlantic-type : Spikelets 5-10 (-12) -flowered, 2-4 cm. long; lemmas pur- 
ple or purplish-tinged, glabrous except for minute marginal ciliation toward 
the apex, transverse thickenings not visible between the nerves, the lower 
and median lemmas 0.8-1.5 cm. long, their apices merely acute or somewhat 
rounded; inner glume never more than one-third the length of the lemmas, 
purple or purplish, glabrous except for sparse ciliation at the blunt or trun- 
cate and generally erose apex, the mid-nerve rarely reaching the apex and 
the lateral nerves obscure or obsolete ; outer glume similar to the inner but 
much smaller or sometimes lacking (fig. 2, A1-A4 ; localities where speci- 
mens with this sort of spikelets have been collected are indicated on map, 
figure 1, as black triangles) . 

From this preliminary study there also appears to be a correlation be- 
tween type of spikelet and type of leaf sheath in the specimens which I have 
examined where both spikelets and foliage were present. The type of leaf 

6 Extensive field studies of the North American cane population may perhaps necessi- 
tate a future modification of this statement; on the basis of the specimens available to 
me, there is no evidence of the presence oi the atlantic-’type west of Biloxi, Mississippi, 
from which locality I have seen an apparently ^ intermediate ^ ^ specimen which can be 
considered as in spikelet-type. 
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sheath Cfig’. 2, M5), whieli ai>pear.s to be eoTrebiteil Avitli niiasimppi-type 
spikelets, has a densely and eonspieiioiisl.v pubeseent exterioi--ii,unle, and the 
flustera of anrieidar hi-istles at eitlier side of the apex of the sheath are 
more or h-ss niiited at tlie base into a trianjrnlar wedye of tissue distinctly 
different in color and texture from the sheatli reji'ion immediately below. 
The individual bristles are larfi'er in diameter anil more coar.sely scabrous 
than in the atUinlic-typc sheath. In this latter type of slnaith (ti;i'. 2. A5) the 
groups of bristles are not basally united above tin* at>ex of the leaf .sheath, 



Fig. 1. Distribution of Arundlnana, bas€*d on spocitnoiia in tin* h(‘rbariuin of tlie New 
York Butanient Garden. The inner Vtoundarj of the Coastal .Plain is approximately indi- 
cated by a heavy line. Some of the symbols on the map represent more tlian one collection 
from the same or closely adjacent localities. Illustrations of tlie s]>ike}et and leaf sheath 
characters which form the basis of the two types recognized within the genus art* }»resented 
ill figure 2. The localities of two collections, mentionckl in the text as being vegetatively 
glabrous and liaviiig sommvhat different leaf sheath characters, are indicated by the 
symbol X. 

and the exterior-1 igule is either glabrous or mieroseopieally ciliate. The in- 
terior-] ignles of both types are variable, although the missi.ssipiji-tyije ap- 
pears to be always more or less pubeseent while the atlantic-tifijc is either 
gdabrous or sparsely ciliate with bristle-like hairs. The overlappi.ng margin 
of the sheath x^roj)er is either glabrous or minutely pubeseent in the atlantic- 
type^ while in the mmmippi4ype it is usually coarsely ciliate. 

It is perhaps of more than casual interest to note that in the available 
specimens of South American and Central American Arundlnarki and 
Arthrostylidhun (a closely-related and perhaps not adequately separable 




Pig. 2. Morphological cliara two types of Amndinaria in North 

America north of Mexico. A1~A5 : the atlantic’type ; M1-M.5: the 'mississippi'type. j^ot- 
tions of the plants illustrated are: 1. spikelets (xl.5) ; 2, outer glume (x6); 3. inner 
glume (x 6) ; 4. lemma (x 6) ; 5. apex of leaf sheath (x 3). Figures A1-A4 were drawn 
from Fernald and Long 6940 , from near Crismond, Nansemond Go., Virginia, and figure 
A5 from A, Chase s. n, (Arner, Cr. Nat, JSeid), no. SOO) from the Back Bay section of 
Princess Anne Co., Virginia. Figures M1-M4 were drawn from Bitsh 198, trom Eagle 
Bock, Barry Co., Missouri, and figure M5 from Catting er s. n. (Curtiss’ N. Am. PI. 
Mstrib. no. SSAS) imm near Nashville, Tennessee. The range of variability in the degree 
of basal fusion of the auricular bristles from the mississippi-type leaf sheath is indicated 
in figures MS-' (drawn tiom Demaree 1S9S0, from Je&erson Co., Arkansas) and M5'^ 
(drawn from Conibs 149, from near Lake City, Columbia Co., Florida) j only the basal 
portion of the cluster of auricular bristles is shown in these last two figures. 
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euBS of tlie Western Heniisphere) the leaf-sheath airiees and auricular 
risties ^ire like those of the ailmitm4ype/ while in spec'inuois whieh I have 
xaiuimfll from easteiai Asia the bristles and sheath-apiia^s are like those of 
he )itississipi)hfjjiH\ ft seems safe, here, to x>ostnlate tiiai this latter type of 
0 af sheath is eliaracteristic of a Holaretie group of spe( 0 (‘s, the North Amer- 
eau segmeiit of wlnh'h is now disjimet from the Asiatie. The aflantie-iype 
»f leaf sheath, elosely similar in strueture to the South Amerieau type, is 
ndieative of tiu^ relationshii) of this type of Araaf/Z/u/rm with the South 
imerieau members of the geuus/** 

Speeimens appanoitly iutermediate between the afUnitic4ijpe aud missis- 
vippi4ype have already bemi !)riefly mentioned. Tliese intermediates are 
}f several sorts. In soine of them, the eharaetervS of tlie two types of spikelets 
n*e (a>uibiued in varying degrees. In others where both s}idvelets aud foliage 
ire })resent, some assoeiation of spikelets with mississippl4ype 

leaf sheaths (and vice versa) was evident ; also a few of the sterile spechiiens 
examined seemed to (‘ombiue the characters of botfi ty]>es of leaf sheaths. 
These intermediates are iii(lieated on the aceouii'>anyiiig map (fig. 1) by 
either white triangles or circles, dependent upon the degree in whieh they 
seeni to apprcixiniate one ()r the other of the two ty|.)es. 

A consideration of the accompanying map (fig. 1) reveals that while the 
mississij>pi-( ype is common through the lower Mississippi \Tiiley and on the 
Gfiilf Coastal Plain, it is also more or less widely di>stribut(A through portions 
of the two old land masses of eastern North America— the Ozark area and 
the Appalachian-Cnmberland region. The mmissippi4 jf pc, therefore, ap- 
pears to represent a N’orth American sx>ecies whose affinities, as already men- 

' Vhis is iiartieiilarly a}>pareut in certain as yet nnidentilied sjieciiuens from TTonduras 
(Ynncl'er^ Daw.son 4'* Youho G0S5) and Ckmtral 'Brazil {Krul^ a jf 7J7\)) as well as in ma- 
terial ideutilied as Arundinarki (lejlexa E. E. Br. from tlie simualt of Mt. Roraima on tlie 
British. Gaiana.-An‘nei;ucla““Brazil boundary corner. This latter spi'cies, although appar- 
ently exhil)iting the growth-habit of North American ArundmarUi, s(‘ems to have spikelets 
approaching those of Arihrosiylidiumi in flower numl>6r. The sh(‘et of A. defiexa (Tate 
471) in the herbarium of the New York Botanical Garden is sterile, and I know the spike- 
lets of tills species only from the original description (Brown, N. E. et at. 1901. Eeport 
on two botanical collections made by Messrs. P. V. McConnell aud J. J. Quelch at Mount 
Eoraima in British Guiana. Trans. Linn. Soe. II 6; 1--109). Arthrosti/lidium appears to 
represent a further development of several reductionary trends than does Amndinafia ; 
these are a decrease in flower number per spikelet, the elimination of sheath bristles in 
some species, and the acquisition of an herbaceous or a liana habit of growth. Various 
workers with the Bambuseae have either included ArthrostyUdiam iu Amndinaria, or have 
considered it as a closely related genus. Further study of this Carilibeaii and South Ameri- 
can genus may perhaps be essential to the ultimate solution of the problems of the North 
Ameiucan ^.r/r/idmana-eomplex. ■ 

8 For a discussion of a similar relationship in another plant group, a recent paper in 
which the North American species of Oayliissaoia are considered should be consulted 
(Canip, W. H. 1941. Studies in the Ericales: A review of the North American Gay- 
lussacieae; with remarks on the origin and migration of the group. Bull. Torrey Club 68: 
531-551). 
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tioned are with the species of eastern Asia. Its present much wider distribu- 
tion is almost certainly due to a migration into the Mississippi-embayment 
and Coastal Plain as these related areas became available for colonization by „ 
plants.'* The ailantic-type, on the other hand, is largely restricted to the At- 
lantic Coastal Plain although atlantioid individuals have been collected in 
the eastern segment of the Gulf Coastal Plain. 

The presence of mississippioid individuals on the Atlantic Coastal Plain 
seems entirely due to a downward and outward migration of this species 
from the Appalachian upland areas. In the northern-part of the distribution 
area of the genus this migration would seem to have been along ancient drain- 
age systems.^*^ Further south (in South Carolina and Georgia) where missis- 
sippioid individuals occur, this migration is undoubtedly continuing today. 
It is to be expected that in at least some of the Atlantic Coastal Plain locali- 
ties where the mississippioid individuals are known, that colonies of the 
mississippi-type may be found ; the frequency and extent of these colonies 
will, in party depend upon the degree to which this type has been genetically 
mbmeigedhytheatlcmtic-type. 

So far as vegetative characters, other than those of the distal portion of 
the leaf sheath, are concerned, I have been unable to find any correlation 
with either type of spikelet— except perhaps as regards leaf shape. Leaf size 
appeal’s to be extremely variable in the series of specimens assigned to both 
the atlantic-type and the mississippi-type. Most individuals of the former 
type, however, seem to have a lanceolate-acuminate leaf blade in contrast to 
the merely acute and narrowly lanceolate-elliptic leaves present in most indi- 
viduals of the latter type. 

9 Dr. W. H, Camp informs me that he has seen ^^cane^’ growing abundantly in parts 
of KentuckY and eastern Tennessee, in both states often on hillsides where the forest 
coyer was not too dense. Prom his description of these areas it is apparent that the habitat 
is similar to that of various of the AmncUnaria in eastern Asiaj and, as is well 

known, these areas of the southeastern United States contain numerous species in other 
genera and families which have cognate forms in eastern Asia. It is therefore likely that 
the populations of the ^nississippi-type, so common along the larger streams and rivers, 
may have been entirely derived from just such hillside populations as those now growing 
near the heads of the present drainage systems. 

Although Arimdinaria is reported as ranging northward in the interior as far as 
Highland County, Ohio, and along the coast to New Castle County, Delaware, and Anne 
Arundel County, Maryland, I have seen no specimens from these localities. It is quite 
probable that before the Pleistocene the mississippi-type had a much more northerly dis- 
tribution in the Appalachian- Cumberland region. Evidence which seems to support this 
statement is found in a report of the finding of half -masticated portions of plants of “u 
species of Arundo, or Arundinaria, still common in Virginia ^ b in the well-preserved 
stomach of a mastodon (Mammut americanu'm') whose skeleton was discovered in Wythe 
County, Virginia, in 1806 (Hay, O. P. 1914. The Pleistocene mammals of Iowa. Kept. Iowa 
Geol. Survey 23(1912); in particular, p. 367 of the section dealing with the food of the 
mastodon). Kearrangements in the drainage pattern — ^these, in part, occurring in pre- 
Pleistoeene times— -in the region which now includes North Carolina, Virginia, West 
Virginia, Maryland, and Pennsylvania have perhaps prevented subsequent coast-ward 
migration of the in this area. 
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]>iil)os(M‘iU ‘0 of leaf blades and sheatlis a|>pears to l)e liable in 
(iidividiials of both tyjies, there are a few more or less isolated poiiiilations 
wiiieh ctp])ear to have always been giabiwis; this eliaraetinistie is bt‘st shown 
by two (^olI(Hdions made by J. K. Small in Georgia, one on tiu* Yellow diver 
in Gwinnett (i). (July 20, 1893), the other in IIabei*sham Co., between 
T()<'(‘oa Falls and Tallulah Falls (Sept. 3, 1894). Tlies(‘ partiimlar siietimens, 
])oth ill their glabrous nature ami somewbat iliffereut leaf sheath (iiaraeters, 
are Aan-y similar to eertain sjieeies of .Ir/n/dZ/n/rm li-om {‘astern Asia. 
Whether they r(‘present a disjunct remnant of a species or siiecies-coiipdex 
with a formerly wide Ilolaretie <listribution, or wluiiuo’ tlmse sfieeimens may 
Inn’^e biani collected from natni'alixed eoionies of one of 1h{\s(‘ East Asian spe- 
cies, can not be deckled on tlie basis of the evidence at [iresent available to 
me. Further study of the cane populations in tlies(‘ areas will be ne<'{‘ssary to 
clear up this ]>articular ])oint. 

Anotlier ])oint, regarding certain Alabama potmlations of Aru iidinaria 
d{\seribed by Har])ei\ also appears to need furtlun* invc^stigation.” In (Km- 
trast to IlroAvn’s coueiusious from a study of Ijouisiana eauebrak(‘s. Harper — 
after a study of Alabama ]) 0 [)ulations of ArtiNduNirid — stated: ^^This genus 
is not very fully luiderstood, partly on account of tln^ scartity ot fiowei*s and 
seeds, and tlie number of »species in North America ma\' he anywhere from 
one to tliree or four. Tu Alabama there seem to be two, or ])()ssibly three.’^ 
Altliougb Harper gave few diiferenees betwtHui the species {‘xce])t compara- 
tive height, culm diameter and fx*eqiieney of fiowm'iug, lie detinitely recog- 
nized two specit‘s as present in Alabama. 

A, macrospcnna, found ‘Cm river banks and in creek sAvamps, a little 
beloAV liigti-water mark,” Avas said to be distributed (‘sseutially throughout 
the state except in the Blue didge, PiiHlmont, and Outer Coastal Plain por- 
tions of Alabama. A, tecia^ which “grows mostly in sandy bogs, Avet Avoods 
and mm-alluvial swanpAs, south of the coal regions,” Avas listed as oecurring 
in the Blue Ridge and Piedmont areas, and as jAarticuIariy common through 
the Outer Coastal Plain. According to Harper this S(H*oml species had not 
been found in tlie northAvestern one-fourth of the state. At the end of his 
discussion of A. inacrospernid he remarks: “What may be another species, 
resembling A. macrospcrma except in size (being smaller) amt habitat, 
grows on sandstone, shale and limestone cliffs in various parts of the state 
as folloAvs: IB, On limestone mountain slopes, within a. few miles of the 
Tennessee River in Jackson, Madison and Marshall Counties. 2I>. Bluffs near 
Simpson’s Creek, Cullman County. Cliffs near Warrior River, Walker and 
Tuscaloosa Counties. 3. Near Sylacauga. 11. Hatchetigbee Bluff on Tombig- 

11 Harper, R, M. 1928. Economic Botany of Alabama. I^art 2. Catalogue of tlie trees, 
shrubs and vines of Alaliama. with their economic properties and local distribution. Geol. 
Survey Alabama, Monograph. 9 ; in particular, pp, 72-77, 
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bee Eiver, Wasliingtoii County. Although I have examined a number o£ 
specimens eolleeted by Harper in Alabama, there are apparently no ex- 
amples of this upland type of Arimdinarm in the herbarium of the New 
York Botanical Garden. The habitat, as given by Harper, is strikingly remi- 
niscent of that of certain Eastern Asiatic species of the genus. 

Before briefly discussing the nomenclatural aspect of the problem of the 
North American canes, it seems necessary to give some consideration to the 
habital ditferences which have so long been considered as indicative of spe- 
cific distinctness. A quotation from Mohr^^ clearly presents these habital 
differences: 

^^Amndimria tecta rarely exceeds the height of 12 to 15 feet, and the 
slender culm branched from the base is seldom half an inch in thickness. 
Earky in spring, apparently every three or four years, the paniculate flowers 
are produced on naked^^ radical shoots scarcely exceeding 18 inches in 
height, while the tall flowerless canes are sent up every season from the long 
creeping rhizomes. Amndinaria macrosperm, from 15 to 30 ft. high and 
frequent!}^ an inch and over in diameter, produces the panicles of its flowers 
in the axils of the branches at long and indefinite intervals of time. . . . The 
seedlings [of A. produce no branches during the first year. 

These simple shoots, which are known as ‘ mutton cane ’ are tender and sweet 
and afforci the best of pasturage. 

In regard to the habital characteristics and different modes of flower pro- 
duction, Brown (1. c., pp. 316 and 317) has made the following observations; 

^^Spikelets of Anmdmaria were first collected by the writer in March, 
1927, in a canebrake near Baton Eouge, Louisiana {no. 989). These were 
from the lower nodes of old canes that had been cut off one or two joints 
above the ground. In November, 1927, a considerable portion of the cane- 
brake in which the above specimens were collected was cleared. During the 
last of March and April, 1928, flowers were again found on the lower nodes 
of the cane stubble. . . . About the first of May there appeared in the same 
field a large number of somewhat shrubby radical shoots which bore terminal 
panicles, and according to the manuals should be A. tecta. . . . In one of the 
places wdiere the cane was found in bloom a drainage ditch had been dug in 
the early part of January, 1928. In this place, flowers were found on both 
radical shoots and on the old canes. On digging up some of the plants, it was 

12 Tlie numerical designations (IB, 2B, 3, and 11) in the above quotation refer to 
^qiatural regions^! of Alabama as delimited on map 1, page 33, of Harper publication. 

13 Mohr, 0. 1901. Plant Life of Alabama. Gontr. XJ. S. Nat. Herb. 6. pp. 921. Wash^ 

ingtoii, !). C. Later in the same year this volume was reprinted with identical pagination 
and issued as a publication of the Geologic Survey of Alabama. The quotation given here 
is from page 103. ' 

14 By ^ ‘ naked/ ^ Mohr evidently meant the absence of leaves with J^ blades. The 
available specimens and illustrations of the tectoid’ ^ phase of the cane populations indi- 
cate that the culm of the radical shoot is closely covered by overlapping bladeless, or 
essentially bladeless, sheaths. The specific epithet of Walter Arundo tecta, on which 
AruncUnaria tecta is based, is indicative of this character, for it is derived from the lathi 

meaning enclosed or covered. 
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bund tliat some of tlie radical shoots with flowers (.1, hcla) rame from the 
lanie rootstock as did stalks with lateral spikelcts (A. macrospcrmd). ... A 
iarefid examinatioii of several other canebrakes in flower dm*in^' the spring 
)f 1929*has remlied in finding flowering radical sluxds attadied to the same 
‘ootstodv as the old flowering eanes. One collection {no, was made near 

Erwinville, Louisiana, on the edge of a thicket wliidi had not binm (mt or 
irained for several years. This suggested that both forms of Arcad/narm 
nay oeeiir on the same rootstoek naturally and that cutting or some other 
simulation may not be iieeessaryd' 

Some of the specimens of the mmmippiAype whieli I have examined are 
elearly from the leafless, sheath-covered radical slioots of the growth-form 
commonly called A. tecta. On the basis of the s])eciniens wliich I have ex- 
amined and referred to the (MmiHe4ype^ It is a])parenl that tall canes with 
complexly branched axillary inflorescences and the low radical slioots with 
terminal inflorescences are both present in tins segment oi' Aru ml inaria as 
well as in the missisdppi-iype segment. The consecutive colkndion numbers 
{5880 and 5881) of the Chase specimens from Virginia — previously men- 
tioiied as being the basis for the Hiteheoek manual illustrations of A. 
gigantea and 'A, tecta — suggests that these two si.)ecimens might have been 
collected from a single Virginia eanebrake. If so, they would seem to repre- 
sent a condition parallel to that observed by Brown in certain Louisiana 
canebrakes. 

Although two distinct types of >spikelets are present in the Xorth Amer- 
ican ArMndmaria populations- — and these being rejiresentative of unit-enti- 
ties which in all probability are worthy of specific rank — a definite applica- 
tion of names to these entities is not yet x^ossible because the present concepts 
within the group are based primarily on habital differences.^'' The final solu- 
tion of the nomenelatural phase of the problem must await (1) a more com- 
plete understanding of the variability and complexity of po|)idatious within 

1'" In future work on the nonicoelatural phases of the yortli American Jrinidinaria 
problem, it will >)e necessary to consider (in addition to those already eited in this paper) 
at least the following publications, all of which have been consulted during the preparation 
of this lu'eliminary pai>er: Camus, E. G-. 1913. Les Bambiisi»es. 1-215. Chapman, A. W. 
1860. Flora of the Bouthern United States ; in particular, x>i). 561 and 562. Elliott, S. 
1816-1821. A sketch of the botany of South-Carolina and Georgia. Vol. 1 ; in particular, 
pp. 96 and 97. Hitchcock, A. S. 1905. The identification of Walter ^s grasses. Rep. Mo. 
Bot. Gard. 16: 31-56. 1908. Types of American grasses; A study of the American spe- 

cies of grasses described by Linnaeus, Gronovius, Bloane, Svvjirtz, and Michanx. Contr. 
U. S. Nat. Herb. 12: 113-158. 1920. The Genera of Grasses of the Tbiited Btates, with 

Special Eeference to the Economic Bpecies, U. S. Bept. Agile. Bull. 772; in particular, 
pp. 22-24. Michaux, A. 1803. Flora Boreali- Americana. 1: 73-74. liCuhlenberg, B. H. 
1817. Beseriptio uberior Gramiimm Plantarum Calamariaruni Americse Septentrionalis 
Indigenarum et Cicurum; in particular, pp. 191 and 192. Nuttall, T. 1818. The genera 
of North Ainerican plants, and a catalogue of the species to the year 1817. 1: 39. 1837 
Colleetions towards a flora of the Territory of Arkansas, Trans. Am. Phil. Soc, II, 5: 139- 
203. Walter, T. 1788. Flora Caroliniana; in particular, p. 81. 
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the genus, and (2) the reexamination of the Walter and Michaux type speeh 
mens, now in European herbaria, to determine whether or not the names 
based on these specimens can be definitely referred to either the atlmMc-iype 
mississippi-ty%oe of North American Arundinaria. 

Pending an examination of the existent type specimens, it will be neces- 
sary to refer to these two types of Anmdinaria by names of some sort. It is 
my suggestion, if the designations atlanUc-type and mississippi-type do not 
seem to be adequate for this purpose, that the two oldest names seemingly 
referable on a geographical basis to these two types, be used. The atlantic- 
type, then, could be temporarily referred to as A. gigantea, and the missis- 
sippi4ype as A. macrosperma. The name A, tecta — ^because no specimen of 
Arundo tecta (on which Aru/ndinaria tecta is based) is in the Walter her- 
barium, and because of the presence of ^4ectoid^’ phases in both the atlantic- 
type and the missmippiAype— should, for the time being, be considered a 
nomen d%il)mm4^ 

I II! the event that the Walter specimen of Aranda gigantea proves to be 
in such condition that it can not be surely referred to either the atlantic- or 
the mississippi-type of Avnindmaria^ I would recommend that the varietal 
epithet colorata of Rupreeht (1. c., p. 22) be raised to specific rank for the 
atlantic-type to which, on the basis of description and accompanying illus- 
tration, it is clearly referable. This procedure can, however, be followed only 
if the type specimen of A, macrosperma is definitely determined to be of the 
mississippi-type}^ Should this specimen prove either to be unidentifiable or 
of the atlantic-type j the only available specific epithet for the mississippi- 
type populations would be Nuttalhs pumila, for there can be no question 
as to which type of Arundinaria Nuttall was considering when he described 

I Miegia pumila (1837, 1. c.). However, because of the size connotation, per- 

haps it would seem to be somewhat unfortunate if it should be necessary to 
apply this epithet to the predominantly tall canes of the mississippi-type}^ 

16 According to Hitelieock (1905, 1. c.) the type of Arundo gigantea in the Walter 
herbarium (ill the British Museum) consists merely of a sterile shoot with two leaves j 
no specimen of Arundo tecta is present in the Walter collection. Also, Hitchcock (1908, 
1. e.) states that the Michaux specimen (in the Museum d^Histoire Naturelie at Paris) of 
Arundinaria macrosperma is fragmentary and difficult to assign to either of the two spe- 
cies; this last statement is almost certainly made on the basis of habital characters only. 

11 Prom the wording of the distributional statement accompanying the original de- 
scription — ^^HAB. ad rip as flum. Mississipi: in Carolina, Florida, &e. ’ ^ (Michaux, 1. c.)— 
it would appear that Michaux collected the type of the species somewhere on the Missis- 
sippi Biver. However, Hitchcock (1908, 1. c.) records the data on the label of the type 
Specimen as follows: ^^Cramen altissimum ramosum a Virginia ad Ploridam & in occi- 
dentalibus yuxta tiuviis ad Illinoensibus ad ostium Misissipi.’’ This is suggestive that 

Michaux^s specimen came from somewhere on the Atlantic Coastal Plain. 

18 Actually, the use of this epithet might not be really so unfortunate. If, as is previ- 
ously intimated in this paper, the lowland populations of the have been 

derived from the upland types now present at the headwaters of certain of the tributaries 
of the Cumberland- Appalachian drainage systems, then these coarse canes might well be 
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T]iBi*(‘ |)tM*}uij)s may be some <niestioii why I did not !)orr(>w and exaiiiine 
11 of the spe<*imens of Arundinar'm available in Ameriean Iierbaria. The 
robleni^of tlie Xortli Ameriean native eanes has betm ])resented in this pre- 
miliary mamun* for sevei-al reasons. In the first plaee, tli<^ need for earefnl 
Pi(jy„()ver a period of years — of the eoinplex thronB’iRad: its (oitire distri- 
ntional ranye, tlie ext(mt of this area of distribution, and the infrerpieiit 
owerin^i* periods ol many ])o|)nlations, makes the problem of delimitation 
f iinit-entities in this se^’ment of Arundlnaria more than a one-man job. 
leeondly, it is my belief tliat tlie h(‘rbarium s]>eeimens now on file in onr mii- 
eiims are not ade(piate for tlie delimitation of entities within, the <>*enus. At 
iieli time as the biology el the gToup is more thoronjifdy understood as the 
esidt of detailcsl and extensive field studies, the spe<'iiuens at present avail- 
ible— t(><>‘ether with those wliieh will be eolleeted in the eoui'se of future 
tndies — may he utilized in developing the exact distributional patterns of 
his segment of the genus."’*' And, lastly, since no definite a]iplication of 
lames can be made at tlu‘ pres(mt time — the s(,)lution of the nonienelatural 
ihase of tlie problem outlined in this paper, therefoi*e, being scarcely a pros- 
lect of the immediate future — -it did not seem advisablt^ at ]>resent to ex- 
imine more material tlian that available in the herbarium of the New York 
Botanical Garden.-" 

CONCLUSIONS 

In eurrent manna] treatments of the North Ameriean canes {Anmd-h 
naria) two species are generally recognized. The differentiation between these 
species has been made on the relative height of tlie plants and the manner 
in which the indoreseenee is borne. Since there is evidence in the literature 

considered as only a growtlcforni iiiodifieatioii of the upland cane. As Dr. Oanij) lias 
pointed out in our personal discussion of this matter, the epithet piimila certainly would 
be applicable to much of the upland mmissippi4,ype niateriaJ which, on the basis of avail- 
able evidence, is conspeeifie with the rnis.shmppi4ppe material of the certainly moister and 
more fertile lowland habitats. 

Despite the irregular Cowering periods of certain x><>piila.tions of cane, flowering 
and fruiting material should be obtained whenever x>ossible. In future collections of sterile 
maferial it is suggested that collectors make an attempt to obtain from a single plant 
specimens from both the eurrent season’s growth and the canes of xu'cceding years; it also 
seems advisable that specimens be taken from at least several plants in a single locality 
in order to determine the degree of variability in each particular area. Moreover, because 
of the known variability of the group on the Atlantic Coastal Plain and the eastern seg- 
ment of the Gulf Coastal Plain, mass eolleetiojis should be made whenever possible in 
these regions. 

“0 The only exceptions to this statement have been my examination of a fragment of 
a specimen (Flyniale s, n.) from the only locality in West Virginia in which Arundinaria 
has been collected, and of fragments of two specimens (Welh s, n. and Buell s. n.) from 
North Carolina. These fragments, obtained through the courtesy of Dr. E. L. Core, of 
the University of West V^irginia Botany Dept., and Dr, B. W. Wells, of the North Caro- 
lina State College Botany Dept., are now deposited ih the herbarium of the New York 
Botanical Garden, 
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that a singie plant may produce both types of flowering culms, the conclu- 
sion has been reached by some workers that only one species is present in 
North America. 

A preliminary examination of species available to me indicates that two 
types of spikelets, diifering* in several well-defined characters, are present in 
the North American cane populations. Since the type specimens necessary to 
the solution of the nomenclatural phase of this problem are not at present 
available for study, these two entities have been designated the ailantic4ype 
(this one being best developed on the Atlantic Coastal Plain) and the mis- 
smvppi-type (this being the only type apparently present in the drainage 
basin of the Mississippi Kiver). Since the characters of the spikelets appear 
to be of fundamental value in the classification of the Gramineae, and since 
both growth-forms are associated with each of the spikelet types, it seems 
evident that the habital characteristics used in most former treatments of the 
group are not to be considered as specifically diagnostic. There is also evi- 
dence that certain characters of the leaf sheaths are correlated with the 
spikelet types. On the basis of these leaf sheath characters, the atlantic-iype 
seems to have affinities with the South American members of the group, while 
the missmippi-type seems more closely related to certain of the Asiatic 
members of the genus. 

Despite the fact that intermediates have apparently been produced in 
certain areas where both the atlaniic- and the mississippi-types occur, it is 
maintained in this paper that two specific entities are present in the North 
American populations of Anmdinaria, These may be distinguished by char- 
acters of the spikelets and leaf sheaths, but not by the habital characters 
generally used in the available treatments of the genus. 

The New York Botanical Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?— 


I 


Leon Croizat 


111 a j'eiM-Mit paper f Illiodora 44: 157. 1942), Fosberp* reveals that a pro- 
posal is bei]i<i* ('ireulabal t<) have tlie Botanical CoipuTess rule out in due 
course the use of the epithets typicus, (jenninus, vents, veridints, and the 
like. Tbid(‘r this j)ro])osal the place of these classit* epilhets should be taken 
by tlie e])it]iet in the })iuouiial. Aceordinglr, it shoidd !)e illegitimate or un- 
orthodox to publish ritfiifa uni var. typieu, the correct form beiipn solely P. 
una xixj'. nna. 

Snell a proposal is not new. One fundamentally like it was advanced by 
Bolle five years ayo (Xotizbl. Bot. Gart. Berlin 13: 524. 1937), and three 
years ago Posberg proposed likewise to amend Art. 30 of the ciu'rent Rules 
(Am. Jour. Bot. 26: 229. 1939) whicli is supposed to bo responsible for 
iiomenc]atU]*al difficnlties when fjij)icus and its ecpiivabaits are being used. 

TJie recurrent nature of these pi*oj)osals indicates that tlie Rules now in 
vigor leave something to be desired and that changes ai*e necessary. My pur- 
pose in writing tliis article is naturally twofold. I intend to analyze the pro- 
jiosal to which Foshei‘g alludes and tliat of Bolle in order to determine 
whether the measures sponsored therein are pertinent and effieaeioiis. This 
done, I wall briefly state what I believe to be the true nature and function 
of the triiiomial iypicus. So approached in a si)irit of exhaustive diseiission 
the subject at liand will yield not only practical and Iheoiadical considera- 
tions but a concrete platform for fiirther eompetent discuission. 

Anyone wlio intends to inodify existing rules, be these rules ('oneerned 
with th(‘ sale of milk in the market of Gopher Junction or with the proper 
use of taxonomic names in the halls of a botanical institution, sb on Id have 
a clear understanding of three requirements. These requireiiients are: (1) 
The ])roposed amendment must be consistent wntii tlie rules that already 
exist. This means that the amendment must eotisider wdiat rules say and 
avoid conflicting with their broader aspects. More definiteiy: inteiidecl 
changes must be neatly and properly grafted on existing 3*egnlations; if 
conflicts arise betw’een the old and new rules, these conflicts must be smoothed 
out, either by suitably modifying the proposal itself or by altering the rules 
that are. Loose ends, contradictions, obscurities are abhorrent to a wise re- 
former. (2) In no case shall the remedy be worse than the evil wdiich it in- 
tends to cure. Heavy drinking is an nnmitigated curse but enforced prohili- 
tion is just as bad, perliaps worse. A would-be reformer must keep in mind 
that any rule is bound to be imperfect and carefully weigh the consequences 
of the changes he sponsors, lest these changes open the door to consequences 
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even less desirable than tlie existing: iiieonvenienees. (3) The proposed reme- 
dies must be applied where they do the most good in the most direct manner. 
It is useless to deal in generalities and pious wishes without statfng the 
manner of their application to specific cases. - 

These three principles are not controversial because they speak the voice 
of common sense. A competent horticulturist does not graft a scion two 
inches thick on a stock an inch wide; a seamstress does not mend a torn spot 
ill a black dress with coarse white thread ; a physician does not leave a potion 
behind witln)nt tt^lling the patient how to take it and when. I restate these 
principles for reasons that will later be apparent to the reader. ■Whenever 
a subject is involved which is controversial and obscure, is essential to 
return to fa ndanH’iilals, redefining the major premises of the discussion, 
informing those who seek the light or need it. To build truly we need solid 
foundations, readable blue-prints, and precise formulae. 

In the copy in my hands, the proposal to which Fosberg alludes reads 
in part as follows : 

^^Proposal II. Article 30 a. Each suhspecific group, of whatever rank, 
which includes the type of the species, shall he designated hy the vaUd spe- 
cific epithet of the species. For nomenclaliiral purposes this epithet, when 
used for a suhspecific group, has no authority and no citation and can not 
he transferred, except as the species to which it is snhordinated may he trans- 
ferred. Each suhspecific group which includes the type of the next higher 
suhspecific group hut which excludes the type of a species shall he designated 
hy the valid subspecific epithet of the next higher group.’t 

This proposal is not likely to appeal to the majority of its readers on the 
ground that it is worded in highly technical language. This, however, is not 
in itself a blemish, for it is patent that to deal with teehiiical subjects tech- 
nical language must be used. It is too miieli to hope that everything can 
always be written in colloquial sentences. Obviously, the hnrdeii of making 
technical language understandable, and of understanding it, rests evenly 
upon the shoulder of the writer and of the reader. If both the parties to the 
transaction prove ineonipetent or unwilling, nothing will ever be achieved. 
It is strange that many who object strenuonsly against technical language 
in the Eules of Nomenclatiire prove to be good bridge players, having at 
their fingertips a vocabulary staggering to the uninitiated in the game. 

The proposal just stated consists of four main parts which must be dis- 
cussed in detail, as follows: 

(1) ^ [Each suhspecific group, ^ of whatever rank, which mcUides the type 
of the species, shall he designated hy the valid specific epithet of the 
species. . . 

Article 2 of the current Eules of Nomenclature (Amsterdam, 1935) 
states :/'The object of the rules (Art. 19-74) is to put the nomeiiclature of 
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tile piust into order and to provide for that of tlie future. Tliej are always 
retroa(iiv(‘ : names or forms of nomeiuiature eontrary to a ride (Ulcgiti- 
niate /rome.s o/- for}ns) eaimot be inamtained. ’’ This d(Mdarati(m is iiiiper- 
feetly woi'ded, of eonrse, to the extent that it ref(M*s to tlie Articles as 
'^rules/^ a term wiiieh we eonimoidy use in a looser and broadin* sense. How- 
evei', it is jiert'eidly cli^ar that, (a) The Articles are always rciroaetive; (b) 
Poniis and jnanies contrary to an Article cannot be maintained. 

This b(in^’ the case, the proposal advaneed by ^'Art. 30 a’' in tlie elean- 
(Uit words cpiottal above has for its ininiediate effect to render illegitimate 
any of the typii* trinomials publislied after 1753 which does not repeat the 
specific epithet. T believe that this is not the intention of the ])roponents of 
^^Art. 30 a," but good iiitentions are meaningless in a world in vdiieli only 
facts count. Either Art. 2 goes as it reads or “Art. 30 a," for there is war 
betw(‘en them. My intei*est in discussing this proposal will be clear to the 
readei* who is told that about one thousand trinoinials using tifinam or gemi- 
instead of the specifii* epitliet ;re|)eated are contained in Volume 15 of 
De Candolle's Pro<h’omHi< (2) whieli 1 consult every day. If “Art 30 a" is 
approved ami written into the Rules, all these trinomials are turned into 
scrap, smaip of a kind whi(*h i^annot be used otherwise tlian as synonymy. 
It stands to reason that “Art. 30 a" riins afoul also of Art. 4 in tlie eiUTent 
Rules which reads: “The essential points in nomenclature are: (1) to aim 
at fixity of names; (2) to avoid or to reject tlie vise of forms and names 
wdiieli may cause error or ambiguity or throw science into confusion. Next 
in im])ortance is the avoidance of all useless creation of names. " It is mani- 
fest that “Art. 30 a," if approved, will upset the trinoinials now in use, 
throw scieiK'e into confusion and foster the ciamtion of thousands of new 
trinomials to replace those which this “Artiele" would slaughter. Having 
pointed out these results of “Art. 30 a" in private conversations, I have 
been, told in return that the existing trinomials using /.i/p/Va.s% genninus and 
the like sliould be “quietly ignored." No objection could he raised against 
their being ignored, quietly or otherwise, if the autliors of this “Article" 
would only state how it is possible to elude the precise disposition of Art. 
2 and Art. 4. This, “Art. 30 a" does not say, whieli is a capital oinissioii. 

(2) “. . . Pur nomendainral purposes this epithet^ when used for a 
suispecific group has no authority and no citation, . . 

The implications of these seventeen words are staggering, for they con- 
tain an entirely novel and revolutionary concept of authority and citation, 
a concept which is nnenforeeable on account of conflict with rock-bottom 
realities. Article 15 in the current Rules states: “The purpose of giving a 
name to a taxonomic group is not to indicate the characters or the history 
of the group, but to supply a means of referring to it." Article 46 in the 
same Rules reads: “For the indication of the name (unitary, binary, or 
ternary) of a group to be accurate and complete, and in order that the date 
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may be readily verified, it is necessary to cite the author who first published 
the name in question. ’ ’ This is plain speaking and common sense. A taxo- 
nomic name is a label, no more, no less. If this were not so, names iin»trne to 
the characters or to the history of the group naturally ought to be changed. 
There would be no end to such changes, of course, because every age under- 
stands characters and histories in a different light. It is patent, moreover, 
that the Rules wish to have this label complete, that is, filled with the data 
making it possible to ascertain without doubt and delay its author and ori- 
gin. Synonymies were in use long before Linnaeus, and even the oldest 
among them are careful to state the authorities of the names, this statement 
being an essential requirement in any citation. Nor is this all: it is only by 
reference to citations and authorships that priority can be determined. 

The same weakness reajipears in the statement just quoted from ^^Art, 
30 which is manifest in its opening declaration. This weakness consists 
in the neglect of what the existing Rules say, and in the failure to indicate 
how the proposed reform is to work. Taking ^^Art. 30 a’^ at its word, I might 
not write down on paper such citations as : Manihot gracilis Pohl var. ge^iu- 
ina Muell-Arg. in DC. Prodr. 15(2) : 1065. 1866; or: MalloUis oreophihis a 
ochracco-alMdiis Muell.-Arg. in op. cit., 964; but the fact that I could not 
legitimately write these data would certainly not free me from the duty of 
knowing precisel.y where and by whom these trinomials have been published. 
In cases involving doubt or possible controversy should I write such copy 

as this: Manihot gracilis Pohl var —I am forbidden by Art. 

30 a (now happily in vigor) to use the original trinomial gennina of 

(authorship cannot be given). I propose, consequently, in 

obedience to said Article a new vaidety gracilis. If somebody is to cite this 
variety, let him understand that Art. 30 a forbids him to reveal that I am 
the author of this name, and that the page and work in which I write this 
cannot be referred to’’? Or shall I write this : Manihot TolecUi var. Toledii 

If the reader wishes to know whether I am right in spelling 

Toledii imtead of Toledi, will he please look (authority and 

citation not to be given under Art. 30 a) ”? 

What do the proponents and authors of Art. 30 a” mean wdien they 
speak of ^^nomenclatural purposes’ ^ does it mean that A snlspecific 

group has no author iiy and no citaTion”f ^o^s^ ib an author to avoid 
^\authority and citation” when he uses a taxonomic name, since such a name 
has definitely been published somewhere by somebody ? Even tolerably pre- 
eise and sound generalities are void of sense when the means are not given 
to work them against concrete cases; how are we, then, to use vague and 
unsound generalities ? 

(3) . . For nomenclatural purposes this epithet . . . can not he 

transferred^ except as the species to which it is subordinate may be trans- 
ferred. 
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A siatcriHvtit siinilfir to tlie one quoted is eoutained in tlie eiirreiit Art. 
aS, tills Article bton.B a ixaoiliar eoiirproinise between dininaaii (-oiu-ejits of 
yptr Artide 18 rt^ads: ‘AV }H.)iueiiidatiii%Hl type Ls that enlist it junit eieineiit 
if a to w’hidi th(‘ name of t he .u-roiip is perinaiieiitly attaidiecl, vvhetliei* 

IS an a<‘(X‘[>tt‘d nann^ nr as a syiioiiyin. ' ’ It is true tiiat Art. 18 ihshares that 
he nntiuoK'lat ui'al tytie nf a speeies is a speeiiiien, des(n*ip1 ion, nr hg‘ui*e, but 
t is none the less trut^ that Art. 18 hardly knows its mind. 'Witness the Note 
wlric'h is an inte^'ra! })art of this Artiele and says: ''Tiie iionienihatiuad type 
is not luaa^ssarily tlu^ most typieal or repi'esentative ehanent of a group; it 
Ls menly that (‘hmnmt with wliieh the name of tlie group is permanently 
assot'iat(‘d.'’ If, as Art. 18 declares, a s]>e<lmen is indecMl thc^ nomemlatural 
type of a. spcnles, the Note in question is straight iionscmse. A s])(Hiimen 
eorf(fiiihf is the ''most typieal cir i*epresentative element’’ of a s[)eeies which 
is known from a single* eollcH-tion. To make* the point clear: how cam Bose 
tail to 1)0 the '"^most t\q)ieai or repi-esentative eh*ment” of Trklio- 
cereus jho'u riiuois, Avhen T. jx ruvlo vits solely rests upon /fuse /iShVhSf As a 
matter of fac-t, Art. 18 ladVrs in its Note to a nomenclat ural tyj)e wliich is 
certainly not a spc*t*imt*n, thus belying its own definition. This Art. 18 does 
because* it tries to tliVid" an unsuitable (*oni}>roinise l)etwec‘n different con- 
c'opts of type*, confusing as one, (a) a ty{)e-circumseription ; (b) a type^ 
specinien ; (c) a, biologicad type*. Tin* Note in Art. 18 slates in. reality that 
tlie ty})(* sididivision (ty])e-triiiomial or typediinomial, type-genus or type- 
family) is not necessarily the most typieal or re|>res(*ntative elem(*nt of the 
group (species, genus, family, or order) in tlie biological! st*nse. It is merely 
that c*l(*iueut to whicdi the name is permanc*ntly attac*hcHl. To exemplify; 
Planfa una var. fjfpicd is not necessarily the most typicail or rc*presentative 
element of the biological complex understood as F. a an. It is merely the tri- 
nomial that c'ainiot be transferred out of F. una, (llt*ar]y, spec'imens liave 
nothing to do with this, noi* have descri])tic)ns and illustrations. 

Although illnminating and interesting, the histoiy of Art. 18 cannot now 
be told because it is not geimiaiie to the subject iinmediatc*ly at liaiid. Suffice 
it to say that this Article Hppc:*ases, without effectively c'ompi'omising, two 
idstoric concepts of type, the American revolving around t jj})c-spcchncns) 
ami the classic Eurcjpean centering around tifpv-nomvs. Readers who may 
be inclincHl to doubt the c*xistence of these couee])ts are referr(-*d to a good 
autliority. (.Ireenman (Full. Torrey Club 67 : 372. 11)40), who is qualified to 
speak by liis mature experienc'C with both European and Anieri(*an botanical 
thought and usage. ^ 

Article 18, indirectly and imperfectly, it is true, but none the less effec- 
tively takes care of the dictum of Art. 30 a” when it states that the nonien- 
clatural type and the group for which it stands are permaueiitly attached.” 
Obviously, the attac-lummt being permanent, the uomeuclatural type (for 
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instanee, P/aii/a ima var. typ^Go) and the group for which it stands (P. 
una) cannot be transferred apart, but must be moved together. Article 18, 
as a matter of the record, goes so far as to specify that the permanency of 
the attachment endures even if the nomenelatural type and its group are 
synonyms of otlier names; which is redundant, as it may not occur to any^ 
body having any smattering of nomenclatiire to put P. una in synonymy and 
to treat P. uii(( vac. ij/pica as valid or legitimate. It is patent that ''Art. 
30 a'’ is not needed, but a redefinition of Art. 18 is much to be desired, purg- 
ing this Art id of the contradictions which make of it a water-logged wreck 
rather than a tr ini vessel. 

(4) "Pac/i sitbspecific group which includes the type of the next higher 
sichspecific group hut which excludes the type of the species shall he desig- 
nated hy the valid suhspecific epithet of the next higher groiipd^ 

This deelaration has moved me to appreciate at long last the wisdom of 
the sainiig that the Rules should be let alone to prove themselves for a 
thousand years. Several months of meditation have not cleared in my under- 
standing the purposes of "Art. 30 a" in respect to the statement just quoted. 
I am dubious as to my interpretation of it, and only time, long time, will tell 
whether I have succeeded in. piercing the veil of Isis and really approached 
the saiictum. Naturally, I offer my interpretation of this part of "Art. 30 a” 
for what it is worth, and shall willingly stand corrected if I have failed to 
clutch its vitals. 

If I read this prose aright, I understand that Planta quaevis una, 

which is not the type-subspecies of the binomial, this being P. qiiaevis subsp. 
quaevis (or iypica, geriuinaj or the like), can have as its typic variety only 
P. quaevis var. una. In other words: the principle would seem to be reaf- 
firmed here that P. shall have as its typic trinomials only subsp. 

quaevis, var. quaevis, and forma quaevis, whereas P. quaevis mhs>p. una 
shall be followed by such typic trinomials as var. una and forma una. 

If this is the case, "Art. 30 a" displays praiseworthy eonsisteucy, its 
standards in this particular respect being higher than those of Art. 18, which 
roundlv contradicts itself. However, the very same objection rises here that 
I have invoked before, namely, every trinomial which fails to comply with 
"Art. 30 a" is made illegitimate. The point does not need to be elucidated 
and discussed bnce again. I will emphasize the fact, however, that it is not 
easy to handle ehains of trinomials, and that to make this handling twice as 
difficult by enforcing unnecessary shibboleths is hardly an evidence of wis- 
dom. The prineiple that best serves here is, on the contrary, that arbitrary 
shacldes must not be provided to hamper individual freedom in cases that 
are in themselves hard to manage. Let things stand as they are, ^ so long as 
it is not absolutely necessary to modify them. Houses of cards are not made 
steadier by tinkering around the corners in order to have all edges running 
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to perpeiiclieid liouses look better iu theory when they are 

itraigiitened up, but in. practice they fall to tlie grouud. Anybody who 
landlas as Iiis daily fare the trinomials of Briquet, Hachvel, Ascherson & 
3raebner, Miieller Arg'oviensis, and sueh past inasters in tlie use of half- 
mnes will not feel kindly disposed toward hands that reach out to make the 
rame harder than it is. To abstain from reforms wliicdi are both, iinneeessary 
uid unwanted is tht‘ (earmark of a pliilosopher. 

It seems hardly necessary to discuss the ^A\rg*mnent'’ that bolsters 
‘'Art. 30 a. Oidy two statements in it may be paid cursory attention for 
the sake of a well rounded analysis. Quoth the "Argument’' this much: 

. . Proposal 11 does awaij with the vse of such ferms as typiea, originalis, 
aad tlie like, all of which have occasionally been misijiferpreied as indicating 
the phylogeneiic type of the species. . . . Since suhspccifie yronps are not 
included in the Index Kewensis, this proposal simplifies nonienclatural inves- 
tujaiions in taxonomic work and, since authorities arc not ciiedi it obviates 
cumbersome double citations for many suhspecific groups,’^ 

The fact that typicus, genuhius and the like have been oeeasionally mis- 
interpreted as indicating the phylogenetic type of species, or other things, 
does not |)rove that these epithets should be blotted out, granted that it were 
possible to do so, which it is not. It merely means that those who abuse these 
trinomials and nusuiulerstand them should be properly instriieted by compe- 
tent teacliers, and forever furnished Articles and Recommendation that are 
well conceived and thoughtfiiily worded. The fact that a knife cuts one's 
finger when mishandled does not constitute a valid reason ■why a turkey 
should be torn to piec^es by hand instead of being neatly carved with good 
steel. Since the Index Kewensis does not list snbspecific epithets, and tri- 
nomials are as a rule much harder to trace back than binomials, nothing 
should be done in principle to disturb them without absolute necessity. The 
hope that nonienclatural investigations can be simplified by withholding the 
citations of authorities is most peenliar, for it is only by citing these authori- 
ties fully and correctly that noraenelatural investigations can be made 
simpler. It might facilitate my own task not to cite authorities, but this 
certainly will make harder the task of my neighbor. Nor is this all: if my 
neighbor decides to ease his own work by following my lead, it is I who stand 
at the receiving end. Bibliographical work is as much of a burden to a tax- 
onomist as answering night calls is to a physician, yet each jirofession must 
be taken at its face value, putting up with its emoluments and liabilities. 

In conclusion: it is certain that "Art. 30a" is shot through by fallacies 
so glaring that it should be promptly withdraw^ from circulation, its sub- 
stance being sueh that it cannot be improved by hopeful manipulations. This 
"Article" violates in a xmeeise and direct manner Art. 2, Art. 4, Art. 15, 
and Art. 46 of the Rules now in vigor, a cireumstanee that its authors ap- 
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pear to liave overlooked altogether ; it advances a new theory of citation 
which is of impossible application; it lays hands npon an Article (Art 30) 
which, as will be seen, i>s not at all concerned with the reforms inte^ided; it 
wanders aimlessly to introdnee a change in the Rules which can easily be^ 
effected by a slight addition to Art. 55, which soon will be apparent; to 
achieve a single worth-while purpose, providing for the difficulties arising 
when typicus, genitinus^ and the like are transferred, it merely repeats a 
dictum which is already poorly stated in Art. 18. In brief, if the simile may 
be forgiven, this ‘'Article’' wmeeks a house in order to dig out a penny from 
under a table. That this " Article” is wdthdrawm without causing further 
doubts and confusion is a legitimate hope, this hope also justifying the 
passing in silence of all other proposals that go with "Art. 30 a,” and are 
not better grounded than it. 

The proposal of Bolle that affects the typie trinomial, although based on 
a misapprehension, cannot be said to be objectionable in its essence. Bolle 
points out in substance that ^vheii Ac oynastylis elat a var. Ujpica is trans- 
ferred to A. PecJcii^ the resulting new^ combination must be A. PecMi var. 
Ujpica, This combination, Bolle further points out, is erroneous because the 
typic variety of A. elata is not the typie variety of A. PecMi, Moved by this 
knowdedge, Bolle asks that a Recommendation, not an Article^ be written 
into the Rules to discourage the use of typicus, genuinus, and the like, urg- 
ing on the contrary that the specific epithet be repeated. Accordingly, if A. 
elata var. elata is to go under A. PecMi a new combination results, A. PecMi 
var. elata^ wdiich is satisfactory. 

The misapprehension in Bolle ’s thought arises from the fact that a 
Recommendation is neither retroactive nor mandatory. Accordingly, Bolle ’s 
proposed Reconimendation is powerless to eliminate the inconveniences 
arising from the transfer of typicus and its equivalents, gemmins, vents ^ 
and the like. This Recommendation is a broken reed, and falls short of what 
Bolle hopes to secure from it. To elucidate the point at issue, let us suppose 
that a taxonomist is faced in 1952 by the problem of transferring Manihot 
gracilis YRY, gemtina Miiell.-Arg, (1866) to M. tenuifolia. This taxonomist 
cannot reject the variety, for it is legitimate and must, somehow, transfer 
it in a manner other than by moving gemtina under M, tenuifolia. If Bolle 
had his wish come true, this taxonomist turning to the Rules to learn how 
to act wnuld find therein a Recommendation urging that after 1950, let us 
say, Y\o variety genuina should be published. Naturally, this much would not 
help the inquiring taxonomist in the slightest, for his interest would be to 
learn how to act at the moment, transferring a trinomial gemtina legiti- 
mately published in 1866. 

It is patent, consequently, that neither by forbidding the use oi typictts^ 
gemtimtSj and the like in an^ nor by discouraging it in a Becommen- 
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(ion loui the pi'ohhon he solved wliieh disturbs the authors of ^‘ Art. 30 a” 
(I the sponsors of Ilolle's ' ‘ ReiM mi The solution, obviously, 
list be,, souyht elsewhere. To find this solutioii is most easy. There is an 
‘tie](^ ill the ihdes now in vi<.»’or whieii orders that in trausfenhuy a sub- 
visioii of a specdes to aiiotlnu’ speeies the earlier legitiuiatt^ epithet must be 
iiiutaiued. This is the Aytivlv' to he modified hecause it is (he (me ii)uncdh~ 
e!}f cooeemied ivilh {he motter, 

Ai'tieie 55 reads: ‘AVhen a variety or other sidxlivison ot' a speeies is 
^uisferi’ed, without (diany*(‘ of rank, to another genus or spei-ies (or placed 
ider another generic or spe<ufle name for tlie same genus or species) the 
igiual subdi visional e[)ithet must be retained or (it it has not been re- 
ined) must b(‘ re-(*stab}ishe(l, iinless one of the following olistaeles exists: 
,) that tlie resulting ternary c{:mibiuatioti has been jinw'iously and validly 
iblished for a subdivision based on a different type, even if that subdivision 
of a different rank; (2) that there is an earlier validly jmblislual subdivi- 
oiial epitluff available.” JShoim of technical tra{)|)ings, this text means that 
le original speidfic epithet must be slrifted without being chaiiged, unless 
le sliift (‘rt‘ates a later homou.mn or a synoiiym. Naturariy, this text orders 
lat tlie trinomial ////uVnos*, too, be transferred, for it speaks of all subdivi- 
ons, without making exceiition Tor ty picas and its kindred. 

To remedy this situation, theiad'ore, a elanse must be added to Art. 55 
liieli exempts the trinomial h/pieiis], genuinus^ and the like from transfers, 
lid asks tiiat the first meaningful epithet of biglier rank lie moved instead, 
his can be done by tlie following addition to Article 55: ‘h . . (3) that a 
•inomial epithet typicHs, geindaas, verus^ veridieus, or the like (cf. Rec. 
viii and Rec. xxxv) is to he transferred. In tliis ease the efuthet of tlie name 
ext above in rank other than ty picas, gcnuinus, et('., shall be transferred 
. . Examples: . . . Acoiaastylis elata typica when transferred to A. 
*evkii becomes ^1. Peek if var. e lat a not A. Peekii var. typiea. — Planta 
aaei'is var. typica f. (jennina put under Arbor eiaalis becom(‘s A. gaalis var. 
aaeris f. gaaevis. — F rat ex anicas siibsp. quMibet var. or ig inarias moved to 
hndis magnus is turned into C, magnus snbsp. quilibet var. quilibetd^ 

This solution is liable to modifications and changes as a matter of course, 
I concrete evidence shows that it must be altered in detail or enlarged to 
ake care of special cases. To discuss in full is bound to be construetive, and 
shall welcome the opportunity to be shown where and how I might have 


1 AiTielc 55 will have to l>c modified at any event, for it fails to foresee the difficulties 
Hiich, arise when the trinomial ti/picus, gemiimis, and the like are transferred in obedience 
0 its X)revseiit dicta. However, the proper place to deal witli anything ].)ertaining to types 
s in Section 2 of the Rules, whieli deals mth ‘ ‘ The type method. ’ ^ T refrain from dis- 
missing this Section in full here, Viecaiise such a diseussion Avould not be wholly germane 
:o the subject under present eousidei-ation. V 



1943] CROIZAT: THE TRINOMIAL TYPICUS 319 

erred in drawing it np in its present form. It is conceivable that some reader 
knows of examples that have escaped my notice and bear directly upon the 
text here outlined. However, it may be stated that this solution, regardless 
of details, is simple and forcible for two reasons: (1) It directly acts upon 
the Article involved and does not ramble so as to lay hands upon Articles 
that are unrelated with the subject; (2) It takes due account of the fact that 
A. data and A. data var. fypiea are both typified by the very same speci- 
iiien. 8in(-e, in the last analysis, it is this specimen which must become the 
type-s]:)e('inien of tiie new variety under A, PeeM% it is irrelevant that the 
name given to this specimen is drawn from the binomial rather than from 
the trinomial. To elucidate: Wallieh^ Sir more & Kemaon is the type-speci- 
men of botli, A. d(iio and A. data var. while Tech in Jierh. Bcmks. is 

the type-specimen of ..4. PccJx ii. When A. elaia is brought as a variety under 
A. PeeJdi, tlie new combination expressed on the basis of the specimens can 
be stated as follows: Peck in herb. Banks, has for its variety WdlUoh, Sir- 
more d’ Kemaon. It stands to reason that since the latter specimen typifies 
both A, data and A. data var. typica, we may use elata rather i\mi\ typim 
as a matter of free ehoiee, witliout doing violence to the inherent truth of 
the transfer. Naturally, the new combination A. Peckii \eLT. elata is satis- 
factory. Tlie fact that the authors of '^Art. 30 a^^ and Bolle failed to discover 
this egg of Columbus seems to be due to lack of familiarity with the Rules, 
and with a less than perfect understanding of the nature of the trinomial 
typicus. 

It is probable tliat some taxonomists will choose to believe that a modifi- 
cation of Art. 55 reipiires a change also in Art. 58, which — in their under- 
standing — is sipyposed to order that an older valid name is transferred when 
the rank is changed. These taxonomists take it for granted, for instance, that 
when Planta una var. laeta becomes a species, the new name must be P. laeta 
comb. nov. If this inter])retation be true, Art. 58 should be modified together 
with Art. 55 to provide for the special case involved by the transfer of typi- 
cus and its e({uivalents. It is my definite understanding that Art. 58 does not 
require a modification to take care of typicus and like epithets. However, 
a not irrelevant segment of botanical opinion implicitly holds to the oppo- 
site view. Naturally, I am bound to state my reasons in order that those who 
believe I am in error may expose the fallacies of which I am guilty, if possi- 
ble, showing liow Art. 58 must be modified in regard to the ty pic trinomial. 

In the Code of Paris of 1867, Art. 58 stated : ^^Lorsqu’ une tribu devient 
famille, qrCun sousgenre on une section devient genre, qiihine subdivision 
d’espeee devient espece, on que des changeinents ont lieu dans le sens in- 
verse, les noms aiiciens des groupes subsistent, pourvu quTl ii^en resulte pas 
deux genres du meme nom dans le regne vegetal, deux subdivisions de genre 
on deux es])eces du meme nom dans le meme genre, on deux subdivisions du 
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leiiic^ noiu (Ians la iiiroae esjXM'e.’^ (When a triht* beeoiues a t'auiily, a siib- 
eniis or a, sto'lion bet'oiiK's a ,u‘fhus, a subdivisioii of a si)t‘ri<‘s htM'ouu‘s a spe- 
ies or the ]‘(‘v<‘i*se of tlies(‘ (Oianjii'es take pJaeOj th(‘ old nauu‘s an‘ inaiiitainecl 
[) loHB' as the result of this iiiaiutenaiiee does not (odl for a later lioinoiiym 
f ,u‘(Oier!e, speeihe or si!hsp(‘eifie rank.) This text isdefniiti^ to the effeet that, 
or instanee, 2bujnoli(i v\r(jlnuina \ki\ foefuki li. (175'V) nnist heroine M. 
oviUla (L.) SarB*. (1H89) a>s a spetdes^ the older e]n1het (fixfida) persisting 
;i the new eoinbination. In his ‘‘Conimentaires/^ Alphonse J)e (kuidolle, the 
iithor of this Artiele, states as a matter of faet (Lois Noin. Hot. hi. 1867) : 
Tjes dispositions de ees artieies (dr, 58) paraitront nouvelles a plusieiirs 
•otauistes, dn nioinstm (pii eoneeiaxe les modifications dk^speee. Elies sont 
ependant ntiles ])our enpiecher la imdtiplieation des noms et aider la 
iidnioire en eas de mutation de place on, de rang. I^hisieurs antenrs exacts 
?s observent depnis longtenips.’^ (The rulings in these Articles (d7 and 58) 
\’ili strike some botanists as novel, at least so far as tiie.\' concern the re- 
riodeling of sp(‘cies. Th(‘se rulings will serve, however, as cheeks upon the 
leedless publication, of new names and will provide useful reminders when 
Lames change their jiosition and rank. These rulings ar(^ already being fol- 
owed by several critic^al botanists.) 

No one would think of using today the Paris Code of 1867 for the simple 
'easoii that, despite its fundamental uature and its inherent innTeetion, in 
t weaknesses and blemishes were revealed. For instance: Art. 56 of this 
]ode has been dropped. It stated: “Lorsqii’on divise nne espece eii deux on 
dusieurs especes, si Fune des formes a ete pins aiieiennement distinguee, le 
lom Ini est eonserveC’ (When a species is remodeled into two, the binomial 
s maintained for that part which has [ trinomial ly] been designated first.) 
Phis dictum was liardly sound, for it could lead to the acceptance of the first 
)ublislied trinomial as typic of the binomial; accordingly, Boissier’s 
jJwrbki Naglerl^ baliensi,^ would have been typified by tlie trinomial baUen- 
tis against Boissier^s own intentions iii designating this variety with the 
etter [3 instead of a. the latter being accepted according to good usage as the 
connotation of the typic variety. Clearly, the type-variety of E. Nagleri is 
an as yet unpublished trinomial typiciis or Nargleriy based upon Nagler in 
kerb. BeroLy not upon Zollinger 3975, which is the type-speciinen of 3 balk 
ensis. 

Artiele 58 of the Paris Code has been maintained nnder the same number 
in the International Kules of Amsterdam (1935) . In the English text, this 
Article reads: When a tribe becomes a family, when a subgemis or section 
becomes a genus, when a subdivision of a species becGines a species, or when 
the reverse of these changes take place, and in general when a group changes 
its rank, the earliest legitimate name or epithet. given to the group in its new 
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rank is validj iinless tliat name or the resulting association or coinbination 
is a later iiomonym (see Art. 60, 61).’' 

This Article has been proposed for modifications and it is notoriously 
ambiguous. Its ambiguity, however, is not of the fundamental nature which 
taints Art. 18, but is due to careless editing, a blemish apparent at several 
points in the Eules. This Article clearly consists of two parts, namely. (1) 
‘'When a tribe becomes a family, when a subgenus or section becomes a 
genus, when a subdivision of a species becomes a species, or when the reverse 
of these changes take place, and in general when a group changes its rank, 
the earliest legitimate name or epithet given to the group in its new rank is 
valid, . . . Examples : The section Cam%mnopm E. Br. {Prodr. FL. Nov. 
Soil. 561 : 1810) of the genus Campanula was first raised to generic rank by 
Schrader, and as a genus must be called Wahlenlergia Schrad. {Cat. Sort. 
Goett.: 1814:), not Cam, pa7hopsis (E. Br.) 0. Kuntze (Eev. Gen. II, 378: 
1891). — The var. foefida L. {Sp. PI. ed. 1. 536 ; 1753) of Magnolia virginiana, 
when raised to specific rank, must be called Magnolia grandiflora L. {Syst. 
Nat. ed, 10, 1082: 1759) ynot 3Iagnolia foefida (L.) Sarg. (in Gard. and For. 
II, 615: 1889) — Ly thrum intermedmm Ledeb. {Ind. Sort. Dorp.: 1822), 
when treated as a variety oi Lythrum Salicaria L., must be called L. Sail- 
caria var. gladrum Ledeb. {FI. Boss. II, 127: 1844), not L. Salicaria var. 
intermedium (Ledeb.) Koehiie (in Engl. Bot. Jahrl). I, 327 : 1881). In all 
these cases the name or epithet given to the group in its original rank is 
replaced by the first legitimate name or epithet given to it in its new rank.” 

There is not the slightest possibility of reading this text and its examples 
to mean that the epithet or name given to a group in a rank must be main- 
tained in another rank. CampanopsiSy foetida^ intermedium are the oldest 
names given to a certain entity, yet these names fall against Wahlenhergia, 
grandiflora and glabrum which are later names given to the very same entity 
in a different rank, genus instead of section, species instead of variety, vari- 
ety instead of species. Article 58 of the current Eules, consequently, unequiv- 
ocally contradicts Art. 58 of the Paris Code of 1867; one says white, the 
other black. 

Article 58 of the current Eules, however, continues after the text just 
quoted as follows, (2) . 1, unless that name or the resulting association 

or eombination is a later homonym (see Art. 60, 61).” This ending is abso- 
lutely meaningless in view of the text that precedes it. The text that precedes 
it — as it has been seen — ^flatly rules out new combinations effected to retain 
the older names. Why, then, anything at all should be said here about new 
combinations being possible later homonymsf It is understood that if 
Wahlenbergia, Magnolia grandiflora, dJidi Lythrum Salicaria nbtc . glabrum 
are later homonyms they must go, for this happens to every name in tax- 
onomy which is a later homonym, inside and outside the purview of Art. 58. 
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As I have said, tliis iiieaniiigiess and eonfusing addition to Aii. 08 is the 
result of careless edto^^ While snhsfauce of Art. dS of* tlu^ Paris (Ade, 
1867, bas been radically altered in the new Art. 08 , tlu‘ one saying hluek 
' where the other said white, the new Art. 58 has \mH\ u'ord<‘d in a fann tliat 
befits, — to a very small extent, it is true,— the old Arti(dt‘ of tin* saiiie .iium- 
her. Careless editing* of the kind, leading to eiulh^ss nusiiit(M*})i*tda1 ions and 
futile argunients, is in evidence here and tliere in the Itiiles and sliould be 
corrected. What Art. 58 of the current Ilules mh //a//// slatt^s is vnn- plain, 
for the meaning of this Article is to be read in iiv(‘ }iiH‘s of ins U^xi and in 
all its examples, the whole ringing as clear and as 1 ru(‘ as a boll. The ob- 
noxious and misleading rinnp of this Article is one printed line that hangs 
in the air. This line hiusI (jo^ihv sooner the better. Naturally, I do not believe 
that the modification I propose to introduce in Art. 55 has anything to do 
with Art. 58, for the two Articles are not at all germane, i ( Aid. 55) i*egu- 
lates transfers hivolving the same nri/^* (subspeci(‘s to suhspeeies, \ ari(‘ty to 
variety, form to form and the like) ; the otlim* (Art. 58) ('om-mms 1 ]*ansfers 
effeeted in a raak (section to genus, speeders to x'aritdy, vai*icty to 

species), which is a very different matter. To overst!*ess a lin{‘ of print which 
hangs from the window sill of Art. 58 witliout rhyme m* r<xisoin this in order 
to have two basically sound Articles become coiifnsed in tlndr pi Exposes and 
ultimate concepts, is not commendable. A correction, not an ‘‘interpreta- 
tion^’ is here in order. 

It is not clear why the reformers of the trinomial ijipieus tilt with Art. 
30, and attempt to plaster it with their manifestoes when this Aidicle has 
basically nothing to do with typicus. It is peculiar, nom^ the less, that this 
same Article should he widely misiinderstood in otlun* directions. 

Article 30 reads as follows: ^‘Two subdivisions of the sanu* speedes, (‘ven 
if they are of different rank, eamiot bear the same subdivisional epithet, 
unless they are based on the same type. If the earlier siibilivisional name 
(ternary combination) was validly published, the later one is illegitimate 
and must be rejected.” Some authors believe tliat this Arti(d(‘ establishes the 
‘principle that all trinomials have the same rank, that is, for purposes of 
priority a subspecies is tantamount to a variety or a form, building on this 
belief strange constructions of their own making. Other authors, like the 
sponsors of “Art. 30 a” see in this text obscure meaniugs that involve the 
typic trinomial. 

The truth is plainly otherwise and to prove it is easy indeed. Let us sup- 
pose that Tlanta una has a subspecies ruhra (1900), and that Arbor qiiaevis 
has a variety mbra (1930), too. Let us next suppose that the var. rubra of 
'A. qiiaevis is transferred under P. una, Effeeted in the usual manner this 
transfer gives : Tlanta una subsp. rubra var. rubra. This, Art. 30 states, can- 
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not be cloiie. /riie reason is siinple: anyone who reads this citation nnder- 
stands aiitoinatieally that the variety is typic of the subspecies because both 
the subspecies and the variety have the same epithet, riibra. This wc>Lild cer- 
tainly not be true if subsp. ndmt^ for instance, were a hairy plant and var. ' 
nihra a glabrous one, the type-specimens of the two being different. To pre- 
vent such a confusion from arising, Art, 30 wisely arranges that var. nibra, 
which is later in point of publication, must lose its name when transferred 
under I\ una and bei-onie, for instance, var. nigra, for the citation then 
reads: P. una subsp. rahra \ai\ nigra, v^hieh lends itself to no ambiguity. 
Naturally, if subsp. nihra had been published later than var. ruhra, it 
should be the subs])ecies rather tlian the variety to change its name. Lastly, 
Art. 30 allows for tlu‘ case in which var. rtiJbra happens to be the type-sub- 
division of subsp, rubra, making it possible to retain both without alteration. 

This interpretalioii of Art. 30 might be challenged as overdrawn on the 
strength of one of the examples introduced under the Article which reads: 
^^Tlie following is incorrect: Ergshnum Meramfolium subsp. strictum vav, 
longmUquuni and E. l(i(!raciifoliu/ni subsp. var. — 

a form of nonienelature wliich alloAVS two varieties bearing the same name 
in the same species,’^ notliing being stated about the transfers which I have 
chosen to illustrate my interpretation of the Article. This challenge deserves 
an answer, for it is based on the appearance of fact and works to the point. 

Clearly, there should be no reason to forbid the use of var. longisiliquum 
under different subspecies of the same binomial unless for the purpose of 
avoiding a possible confusion bet^veen the two homonymous trinomials in 
question. Aside from thoughtlessness in reading the citations, w^hich is not 
a matter for the Rules to take under consideration unless in the very broad- 
est sense, such a confusion might arise in two manners : (1) By the use of an 
abbreviated citation such as is authorized by Art, 28. This use need iiot be 
indulged in, for Art. 28 merely states: ‘'It is permissible to reduce more 
complicated names to ternary combinations. Examples — . . . Saxifraga 
subforma surculosa Engi. et Irmsch. is permissible for Saxifraga 
. Aizoon Yav. typica siibvar. irevifolia forma midticaulis mhiorma sitrcidosa 
Engl, et Irmsch. ” Naturally, no critical taxonomist will take advantage of 
a concession made in the Rules if this leads to ambiguity, because ambiguity 
is forbidden (see Art. 4) ; (2) By a transfer of trinomials from one species 
to another. Here the danger of confusion is definite, for the older epithet 
is transferred in principle (Art. 55) if the rank remains the same. If Art. 30 
were not in the Rules, Art. 55 ought to contain its basic provisions, neverthe- 
less, Naturally, to illustrate Art. 30 I have deliberately chosen an example 
that ilhistrates ifhc of this Article rather than one which shows only 

its desirahiU^ This, I believe, is consistent with general criteria of sound 
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iuteTpretation. It is olivious tli.it Art. 30 wa.s 7Yritt<'ii by a competwit student 
of noineiu'latiire l)asifal!y to take care of a special ease. So special is this 
case, as'a matter of fact, that Art. 30 is usually not umlci-stood, this serving 
'as a curious illustration of the dangrcr of feeding the best of faia' to guests 
acs'ustomed to coarse stew. Article 30, naturally, has nothing' to do with the 
generalitie.s underlying the tyiiie trinomial and even less can it he construed 
to mean that all trinomials have the same rank. It will he sihui that Art. 55 
(1), too, vetoes the ti'ansftn- of a trinomial, |■('r;(n■(llrns of its raiil-, if this 
trinomial should prove to be a homonym. It is uid'ortunate that Art. 55 (1) 
is improperly woriie<l, in failing to specify that it relei’s to trinomials luider 
the same species. This, however, i.s rectified by the general principle con- 
tained in Art. 30. 

The Akn'old AunouETfit, Hakvaw) Univeusity 
Jamaica Phain. IMassachusetts 
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THE SHOOT APICES OF ATHROTAXIS AND TAIWANIAV 

G. L. Cross 

INTRODUCTION 

It lias been demonstrated that the apical meristem in seed plants does 
not consist of a homogeneous aggregation of cells, but that it is differentiated 
into ‘'growth zones’" which may be distinguished from each other by dif- 
ferences in cellular size, rate and plane of cellular division, staining reac- 
tion, vacuolation, thickness of cell walls and polarity of growth (Poster 

1941) . The structural and functional relationships of the growth zones in 
species from several major groups of plants, ranging from the Lycopodiales 
to the Monocotyledons, have been studied recently, and considerable varia- 
tion has been reported. Although the various species in a family may possess 
shoot apices with similar fundamental features of cellular organization, 
these features are not always found in the species of other, apparently re- 
lated families and, therefore, homology or equivalence of growth zones in 
the various groups is difficult to determine (Poster 1939a). Purther, many 
perplexing and seemingly inconsistent differences of detail are sometimes 
found when the apices of the various species of a genus are compared care- 
fully (Cross 1938, Poster 1939a, Cross and Johnson 1941). And finally, 
although the structural features of the shoot apices of individuals belonging 
to the same species are reasonably constant, variation in cellular pattern is 
often found, and there is good evidence that even a single apex may change 
markedly during the seasonal development of a shoot (Cross 1943) or in 
relation to the initiation of foliar primordia (Cross and Johnson 1941, Reeve 

1942) . The evolution of the apical meristem in the various groups is a puz- 
zling problem which can be solved only when considerable additional infor- 
mation is available. 

It seems evident that one step toward the solution of the problem must 
be the acquisSition of information concerning the shoot apices of a consider- 
able number of species of plants; i.e., specific information concerning: 

(1) the fundamental structural features which are characteristic of the 
apices of representative species belonging to the same taxonomic group ; 

(2) the changes of cellular pattern which occur in the apices of individual 
plants during a growing season; and (3) the significance of the changes in 
cellular pattern with respect to the growth of the shoot as a whole. Only 
after such a comprehensive, detailed survey: of species has been made will 
it be possible to generalize concerning the relationships of the shoot apiidsln 
the major taxonomic units. The information should be useful not only to 

1 Contribution from the Botanical Laboratory :of the, University of Oklahoma n.s. 79. 
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students of phylogenyr but to other investigators as well, for it has been 
shown that knowledge of the apical meristem can be Used with unique 
effectiveness in studying several phases of shoot morphology (Satina and 
Blakeslee 1941) and in certain fields of experimental genetics (Cross and 
Johnson 1941, Cross 1943) . 

In 1939, the writer began a survey of the shoot apices of species from 
each genus in the Taxodiaceae, and to date Taxodium distichum Meh., 
Cryptomeria japonica (L. P.) Don, Ciinninghamia lanceolata (Lamb.) 
Hook., Sequoia sempervirens (Lamb.) End!., and Seqtioiadendron gigan- 
tetim (Lindl.) Buch. have been studied. Materials for completing the stuc^^ 
of the family are on hand, with the exception of apices of Olypiostrolus, 
and it is hoped that shoot tips of this little-known genus may be obtained 
from the native habitat in southern China, after the war, 

The earlier invesigations (Cross 1939, 1941, 1942, 1943) indicate that, 
although generic and specific differences do exist, there are basic similarities 
in form and cellular pattern of the shoot apices which may be used to char- 
acterize the family. 'With respect to form, the apices of the investigated 
genera vary from hemispherical in Taxodium and Cryptomeria to conical in 
Cunninghamia. The prevailing cellular pattern differs from those reported 
recently for other genera of the Coniferales (Korody 1937). In each species 
of the Taxodiaceae the apical meristem has been found to consist of: (1) a 
single tier of self-perpetuating apical initials, which may divide periclinally 
as well as anticlinally ; (2) a protoderm in which the cells divide strictly 
anticlinally except that periclinal divisions may occur rarely in at least one 
species (Cross 1943) ; (3) a variable number of subapical mother cells in 
which divisions occur in diverse planes ; (4) a ring or cylinder of peripheral 
meristem; and (5) a core of pith mother cells. The functional relationships 
of these growth zones’^ are reasonably constant in the various species. 
The apical initials constitute the source from which the remainder of the 
shoot apex is derived. Lateral derivatives of the apical initials augment the 
protoderm and basal derivatives become subapical mother cells. Lateral and 
basal derivatives of the subapical mother cells contribute to the peripheral 
meristem and pith mother cells respectively. 

The main differences found when apices of the various species are com- 
pared involve: (1) the extent to which periclinal divisions occur in the 
apical initials, and (2) the genetic relationships of the cells of the peripheral 
meristem and the pith mother cells. In mo$t genera the line of demarcation 
between the peripheral meristem and the pith mother cells is reasonably 
sharp, however in certain apices of Cunninghamia the distinctions are 
obscure, and occasionally the cells which occupy the position of pith mother 
cells appear to proliferate laterally toward the peripheral meristem (Cross 
1942, fig. 10a). Of course, there are differences in size also ; the largest shoot 
apex (diameter 220 p) measured thus far was from a strong lateral branch 


1943] 


CROSS : SHOOT APICES 


337 


oi Sequoia semperv Irens, and the smallest (diameter 45 p) was from a weak 
lateral branch of Sequoiadendron giganteum. All measurements were made 
in a plane equidistant from the summit of the apex and the axihof the 
youngest foliar primordium. 

The present study of the shoot apices of Afhrotaxis selaginoides Don and 
Taiwania cryptomerioides Hayata is confined to a comparison of the funda- 
mental structural features found in these species with the features described 
previously for other species of the Taxodiaceae. Materials available were 
limited and it was not thought practicable to attempt a study of seasonal 
variations in cellular pattern. 

METHODS 

According to the accounts of Pilger (1926) and Chamberlain (1935), 
Athrotaxis and Taiwania are very restricted in natural distribution. AtJiro- 
taxAs apparently occurs only in the mountainous areas of western Tasmania, 
while Taiwania is limited to forested mountains of Formosa and Yunnan. 
The trees have not been planted extensively in the botanical gardens or 
parks of the United States and, as might be expected, materials for study 
were very difficult to obtain. 

However, through the kindness of Professor John T. Buchholz, a limited 
number of shoots of Athrotaxis were obtained from a plant— possibly the 
only living specimen in the United States — growing in a private garden near 
Golden Gate Park, San Francisco. Professor Buchholz had preserved the 
branchlets in formalin-acetic-ethyl alcohol. Grateful acknowledgment is made 
also to Dr. William Hertrich, Curator of the Huntington Botanical Gardens 
at San Marino, California, who supplied a number of fresh shoots of Tdi- 
wania. These were fixed by the writer under reduced pressure in a mixture 
of 5 per cent commercial formalin and 6 per cent glacial acetic acid, made 
up in 70 per cent ethyl alcohol. 

The materials were processed and the illustrations prepared as described 
in previous papers (Cross 1937, 1939, 1940). Although all of the materials 
were processed in essentially the same manner, the end results were quite 
different, especially so with respect to staining reactions. The cytoplasm in 
the cells of Athrotaxis stained very lightly (figs. 1, 2) when safranin and 
fast green were applied, but in Taiwania the cytoplasm stained densely, so 
much so as to interfere with satisfactory differentiation (figs. 3-6). Perhaps 
this phenomenon was a result of differences in the degree of activity of the 
meristem of the two genera, or perhaps killing and fixation may have been 
less rapid in the larger apices of Taiwania. Fixation of the cells of Athro- 
taxis was generally satisfactory, but considerable plasmolysis occurred in 
those of Taiwania. Perhaps the cytoplasm of Taiwania stained more densely 
because the vacuoles had been reduced in size by the plasmolyzing action of 
the fixing reagents. , ; : 
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GENERAIj FEATURES OP THE VEGETATIVE SHOOTS 

Both species ai*e trees; according to Pilger (1926), A. selaginoides 
attains a height of 13--15 meters and is strongly branched, while T.xrypto- ^ 
merioides mdcy reach 50 meters and is branchless for about one-half of its 
height. 

The vegetative shoots of Athrotaxis consist of sturdy, rigid axes upon 
which the leaves are born in a loose, spiral arrangement which often appears 
imbricate. The leaves are persistent, leathery, awl-shaped or lanceolate, and 
keeled on the abaxial surface. According to Pilger (1926) the leaves may 
grow to a length of 1 cm., but the basal portions (approximately one-half of 
each leaf ) are undiverged from the shoot axis. Bud scales are not found on 
the vegetative shoots, but the leaves which have formed the outer constitu- 
ents of dormant buds are usually considerably smaller than the others and, 
therefore, it is easy to determine the limits of the yearly growth-increments. 

The vegetative shoots of Taiwania resemble those of Athrotaxis in that 
they consist of rigid stems and spirally arranged leaves. The leaves from 
the lower portions of a tree or from a young plant (Pilger 1926) are from 
linear to needle-shaped, very stiff and sharp, laterally flattened, and keeled 
on both the abaxial and adaxial surfaces. They may be as long as 15 mm., 
but a broad, basal portion of each leaf is undiverged from the shoot axis. 
Leaves from the upper portions of a tree are much shorter and scale-like. 
They are quite thick and appear triangular when viewed from the upper or 
lower surface. The adaxial keel is usually reduced, and in some instances 
the upper surfaces of the leaves may be slightly concave, with inwardly 
turned tips. Bud scales are not found. 

STRUCTURAL FEATURES OP THE SHOOT APICES 

Although the literature was searched carefully, no reference to the shoot 
apices of either Athrotaxis or Taiwania was found. However, the results of 
this investigation indicate definitely that the apical meristem in each of 
these genera is characterized by the same fundamental features of organiza- 
tion that have been described for other representatives of the Taxodiaceae. 
As a matter of fact, the similarities are so marked that detailed descriptions 
of the apices of Athrotaxis and Taiwania will not be necessary — only a brief 
comparative treatment need be given. 

The apices of Athrotaxis are hemispherical and, with respect to form, 
resemble those of Cryptomeria (Cross 1941). They vary in diameter from 
65 to 120 p, measured in a plane equidistant from the shoot tip and the axil 
of the youngest leaf. They rank, therefore, with those of Crypt omerta and 

Explanation of figures 1, 2.. 

Fig. 1. Nearly median longisection of skoot ,a:|)ex and foliar primordium of Athro- 
taxis. x484. Fig. 2. Nearly median longisection of shoot apex and older leaf of Athro- 
taxis. Note continuity of protoderm on flank pf ap# and over tlie leaf, x 484. 
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tlie lateral shoots of 8 equoiaclendro7i (Gross 1943), among the smallest re- 
corded for the Taxodiaceae. On the other hand, the apices of Taiwanki are 
conical and appear parabolic in longiseetion like those of Cmininx/hamia 
(Cross 1942). They are somewhat more massive, and a range in diameter " 
of from 90 to 160 p was found in the twenty-five shoot tips which were mea- 
sured. An idea of the variation in size and form may be obtained from a 
careful comparison of figures 1-6, The structural features of the apices of 
the two genera are discussed in the following paragraphs. 

The Apical Initials. The summit of the apical meristem consists of a 
single tier of self-perpetuating apical initials which divide periclinally as 
well as anticlinally and, although 25 apices of each species were examined, 
no indication of a discrete surface layer over the tip of the apical meristem 
was found (figs. 1, 2, 3-6). Apparently the periclinal and anticlinal divi- 
sions occur with approximately equal frequencies, and in this respect the 
apices of Aikrotaxis and Taiwania resemble those of Cunningkamia (Cross 
1942). Occasionally an oblique division may produce a triangular apical cell 
(fig. 4) suggestive of those found regularly in the shoot tips of many species 
of leptosporangiate ferns. Doubtless Korscbelt’s (1884) report of an apical 
cell in the shoot tips of Taxodium was based upon studies of sections similar 
to the one represented by figure 4. However, it seems evident that this phe- 
nomenon occurs infrequently, and the cellular pattern which results is 
transitory. As in other species of the Taxodiaceae, but unlike those of the 
Abietaceae, lateral derivatives of the apical initials differentiate into a proto- 
derm ; the basal derivatives become sub apical mother cells. 

The Protoderm. The presence of a protoderm on the flanks and lower 
shoulders of the apical meristem has been demonstrated for each of the 
investigated species of Taxodiaceae. In this layer mitotic figures are almost 
always oriented parallel with the surface of the meristem, and in the apices 
of Athrotaxis and Taiwania the resulting uniseriate layer is clearly de- 
limited from the underlying tissue by a thicker, more heavily staining wull 
which can be traced down the flanks of the apical meristem and over the tips 
of the foliar primordia. This feature is usually conspicuous in the apices of 
Athrotaxis (figs. 1, 2), but it may be observed without difficulty in those of 
Taiwania (figs. 3-6). Periclinal divisions in the protoderm have been re- 
ported to occur rarely in Sequoia sempervirens (Cross 1943) and in Sciado- 
pitys (Strasburger 1872) on the flanks of the apical meristem, but they have 
not been reported to occur during foliar initiation in any species of the 

Explanation of figures a, 4. 

PiGr. 3. Nearly median longiseetion of apex of a smaller lateral shoot of Taiwunixi. 
Note sequence of walls in the apical initials. x4;84. Pio. 4. Nearly median longiseetion 
of apex of a more vigorous shoot of Taiwania. Mpim triangular ^qipieal eelP’ at the 
summit, x 484. 
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Taxodiaceae. In this respect the apices of the Taxodiaeeae contrast sharply 
with those of the Abietaceae (Korody 193p but are comparable with those oi 
jiraucciTia si.'n.d Ephedra (Strasbui'gei 18^2). ^ 


The Subapical Mother Cells. Subapical mother cells, arising from the 
inner derivatives of the subapical initials, are of eommoii occurrence in the 
Gymnosperms. They exist, at least theoretically in all species which have 
nericlinally dividing apical initials, although their delimitation from other 
Lterminal growth zones (peripheral meristem and pith mother cells) may 
not always be well marked. In Athrotaxis and Taiwama, as in other genei a, 
they are distinguished by their position, their diversity lespec o 

planes of cellular division, and to a lesser extent by their inconspicuous 
vaeuolation. Considerable quantitative variation is noticed when iiidnidual 
apices are studied. Thus in figure 1 the zone of subapical mother cells is 
liLted vertically, and the pith mother cells extend to within a very tew 
Lll layers of the summit of the axis. In figure 2 this zone has a greatei 
vertical extension, and the pith mother cells are differentiated much loi\ti 
in the shoot tip. The reasons for these variations are not understood 

DulTthe investigation it was noticed that the nuclei in the shoot apices 
of Athrotaxis appear to be smaller than those of Taiwama, ^^^liough similar 
differences in cellular size were not so apparent. Twenty-five nuclei from 
each genus were measured, using a camera lueida and a card ruler c rawi 
the nroni Lie and it was found that the nuclei of Athrotaxis are from 6 
to 7^1 in diameter whereas those of Taiwania are from 9 to 10 p. An equal 
number (25) of major and minor cellular dimensions were also determine! 

ra:sSp.»l .(aer cens Tie .ells 

s:rements are only approximations, they 

nuclear volume to cellular volume is somewhat less m f 3 
Taiwania. The photomicrographs also provide evidence for this ^ 

I cariul statistical study of these features, made by someon to whom 
adequate cytological materials are available, might be worthwdiile. _ 

^at raTderLtives of the subapical mother cells produce the peripheral 
.neristm while b».al deriv.tiv.e differenttate mt. pith ptofliet eella. 


• 1 1 T\/r^*-;c4-orr» Deriplieral meristem is arranged in the 

between this eoneand in the p;. 

ripte rmeri tm »e ■ntielinal. and therefore the derivative; 

Explanation of figures 5, 6. , ^ • 

4.- anipps of ^rifforonslT growing shoots ot Taiwania. 

Nearly median longiseetions of tlie apices or vigoi j b 

X 484 . 
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are arranged in strata. The number of layers varied from two to three in 
Athrotaxis and from two to four in Taiwania. No nnnsnal developmental 
features were observed. Derivaties of the peripheral meristem become vas- 
cular tissue, cortical tissue, and the internal portions of leaves. 

The Pith Mother Cells. The pith mother cells are distinguishable at a 
variable distance (from 3 to 5 cell layers) below the summit of the axis. In 
Athrotaxis they divide once or twice, preponderately in transverse planes, 
thus forming short vertical files of two or three cells. These cells then gradu- 
ally enlarge and mature into pith (fiigs. 1, 2). In Taiwania the behavior is 
similar, although here the files of cells derived from the pith mother cells are 
sometimes longer, occasionally consisting of four or five cells (figs. 4-6). 
Enlargement and maturation of these derivatives into pith proceeds at a 
slower rate than in Athrotaxis^ therefore mature pith is usually found at a 
considerably greater distance from the shoot tip. Thus, as in other genera of 
the Taxodiaceae, an extensive rib meristem is not formed. This is a second 
feature which contrasts with the situation reported for certain genera of the 
Abietaceae (Korody 1937), Zamm (Johnson 1939), Cycas and Dioon 
(Foster 1941) and Ginkgo (Foster 1938) . 

DISCUSSION 

The shoot apices of representative species of all genera of the Taxo- 
diaeeae except Soiadopitys and Glyptostrohm have been examined during 
the past three years. In a recent paper (Cross 1943) it has been suggested 
that there are basic structural features which characterize the family, be- 
cause in all investigated species the apical meristem consists of apical 
initials, a protoderm, subapical mother cells, peripheral meristem, and pith 
mother cells. The data obtained from the apices of Athrotaxis and Taiwania 
support this tentative conclusion. 

Self-perpetuating apical initials occur (at least theoretically) in all shoot 
apices. In the more “primitive’^ groups, such as the Lycopodiales, Cyca- 
dales, and Abietaceae, these initials may divide anticlinally, periclinally or 
obliquely (Hartel 1938, Foster 1941, Korody 1937). In the more ad- 
vanced’^ groups (Angiosperms) only anticlinal divisions occur in the 
majority of eases, although Sharman (1940) has shown that exceptions may 
occur. In the Taxodiaceae the apices of several genera {Taxodinm, Crypto- 
merla, and Sequoia) show evidence of a reduction in the relative number of 
periclinal and oblique divisions that occur. Whether this indicates an evolu- 
tionary trend toward the development of a discrete surface layer (tunica) 
in tlie family remains to be seen. 

The oeeiirrence of a protoderm appears to be a relatively advanced” 
characteristic, although it is not unique among gymnospermous genera. 
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This feature does not appear in the apices of the investigated species of 
Lycopodium (Hartel 1938), the Cycadales (Poster 1941, 1943), and the 
Abietaceae (Strasburger 1872, Korody 1937), although it has been reported 
in species of Ara'iicana (Strasburger 1872) and Ephedra (Strasburger 
1872, Gifford 1943). In the Angiosperms a protoderm occurs prevailingly, 
although in some monocotyledons this layer has the unique feature of divid- 
ing periclinally during foliar initiation, and thereby contributes substan- 
tially to the internal portions of the foliage leaves (Rosier 1928, Kliem 
1937). The fact that the surface layer of the shoot apices of the Taxodiaceae 
consists of a protoderm on the flanks, and diversely dividing apical initials 
at the summit, would indicate that this family represents a condition phylo- 
genetically intermediate between the groups which lack a protoderm (Lyeo- 
podiales, Cycadales, and Abietaceae) and those which have an entirely dis- 
crete surface layer (most Angiosperms), Of course, this does not mean that 
the family is to be regarded as a connecting link^’ between the Gymno- 
sperms and Angiosperms, for admittedly the phylogenetic relationships of 
these two groups are still obscure. But it may mean that, with respect to 
shoot apices, parallel evolutionary processes are occurring. 

Any shoot apex in which the apical initials divide peridinally may be 
interpreted as possessing subapical mother cells, a situation wliich oecurs 
widely in the Gymnosperms. The characteristics of the subapical mother 
cells vary markedly when apices of various species are compared or even 
when apices of the same individual are studied; however, these variations 
are usually of a quantitative nature. The situation is exceedingl}" complex in 
some of the Cyeads, especially in (Poster 1943). Here the deriva- 

tives of the surface initials are arranged in long files of cells, a portion of 
which differentiates into peripheral meristem and the remainder into deeply 
located ''central mother cells.” The significance of the specialized subter- 
minal region of the apical meristem of cycads to the evolution of shoot apiees 
in seed plants is one of the most puzzling problems associated with shoot 
histogenesis. It has been suggested that a clue to the answer may be obtained 
by comparing the cellular patterns found in some of the more "primitive^' 
apices of the Taxodiaceae, such as Cunninghamia (Cross 1942) with those 
of eycad seedlings (Foster 1939b), although much additional work must be 
done before conclusive results can be obtained. Perhaps a knowledge of the 
apices of some of the Angiosperms with growth habits similar to those of 
the cycads would be of aid. In this connection Boke (1941) and Ball (1941) 
have made recent contributions concerning cacti and palms respectively. 

If periclinal divisions do not occur in the apical initials, as is the case in 
most Angiosperms, the subjacent tier of ceils may be regarded as subapical 
initials because, under such circumstances they would be self-perpetuating. 
Aside from phylogenetic considerations, the occurrence of subapical initials 
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is of considerable importance to experimental geneticists, especially those 
working on problems involving polyploidy (Satina and Blakeslee 1941) . 

A periplieral meristem is found in the apices of all plants in which 
mediiiration occurs at a higher level in the axis than the differentiation of 
cortical parenchyma. This growth zone occurs commonly in Gymnosperms 
and has been reported for certain species of small-leaved dicotyledons, in- 
cluding certain cacti (Boke 1941) and Linum (Esau 1942). In most Gymno- 
sperms and dicotyledons, derivatives of this zone produce foliar primordia 
(the internal portions), cortical tissue, and provascular tissue. 

Pith mother cells, of course, are found in all vascular plants in which a 
pith occurs. They arise from initiating regions immediately above in the axis 
(subapical mother cells or subapical initials). The pith mother cells usually 
develop into a rib meristem which may extend vertically for a considerable 
distance as in Ginkgo, various cycads, and some conifers (Poster 1938, 1941, 
Korody 1937) or may be very short as in the Taxodiaceae and some Angio- 
sperms (Esau 1942). 

From the above discussion it is clear that the structural features found 
in the shoot apices of the Taxodiaceae are widely distributed among vascular 
plants. The chief interest of the family lies in the fact that here the various 
features may be found combined in a single apex. The most unique single 
characteristic appears to be that the surface layer consists of cells which 
divide diversely at the summit (apical initials) and only anticlinally (with 
rare exceptions) on the lower shoulders and flanks. However, Sharman's 
(1940) report of a periclinally dividing cell in the surface layer at the sum- 
mit of the apical meristem of Zea minimizes the uniqueness of this feature 
and emphasizes that differences in cellular patterns are often essentially 
quantitative, i.e., contingent upon the frequency with which deviations from 
the expected behavior inevitably occur. Thus the shoot apices of the Taxo- 
diaceae differ from those of Angiosperms with respect to only one essential 
feature, viz., the frequency (greater) with which periclinal divisions occur 
in the surface layer at the summit. They differ from the apices of the 
Abietaceae only with respect to the frequency (lesser) with which periclinal 
divisions occur in the surface layer on the flanks of the meristem, and the 
extent (lesser) to which divisions occur in the rib meristem. Thus, from a 
phylogenetic point of view^, the ‘transitional” nature of the apical meristem 
of the Taxodiaceae seems vrell established. 

SUMMARY 

The shoot apices of Athroiaxis are hemispherical and, in longisection, 
resemble those of Gryptomeria. They are among the smallest reported for 
the Taxodiaceae, ranging from 65 to 120 p in diameter in a plane equidistant 
from the shoot tip and the axil of the youngest leaf. The apices of Taiwama 
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are eonieal, 90 to 160 jj in diameter, and reminiscent of those of Cunning- 
Jianiia, 

The cellular patterns in each genus resemble those of tlie previously 
investigated genera of the Taxodiaceae, and no unusual features were ob- ^ 
served. The apical nieristem consists of a single tier of self-perpetuating 
apical initials ; a protoderm, derived from lateral derivatives of the apical 
initials; siihapical mother cells, derived from basal derivatives of the apical 
initials; penp/terai nieristem, derived from lateral derivatives of the sub- 
apical mother cells; and pith mother cells, derived from basal derivatives of 
the subapical mother cells. The subterminal growth zones (subapieal mother 
cells, peripheral nieristem, and pith mother cells) are ratlier poorly delimited, 
especially in the smaller apices of each genus. 

With respect to the structural features of the surface layer of the apical 
meristem, the genera of the Taxodiaceae are regarded as intermediate be- 
tween the more primitive G-ymnosperms (Cycadales and Abietaceae) and 
the Angiosperms, although this is probably to be regarded as a ease of 
parallel evolution rather than phylogenetie relationship. 

Department op Plant Sciences, University of Oklahoma 
Norman, Oklahoma 
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THE MORPHOLOGY AND ANATOMY OF 
CALOPOGON PULCHELLUS 

Margery C. Carlson^ 

Orchids, particularly the tropical species, have been studied by iiunierous 
investigators, especially with regard to the breeding of new varieties, the 
germination of the seeds, and the relationship to mycori'hizal fungi, but in 
spite of the importance of their morphology in determining their relationship 
with other seed plants, much work remains to be done. 

Beginning with the investigations of the morphology of orchids by 
Irmisch (13) in 1853, many pieces of work have treated the subject of the 
anatomy of the several organs of orchid plants. These investigations are 
listed in the chronological bibliography presented by Solereder and Meyer 
(17). The observations were collected and extended by thexn in their chapter 
on the Orchidaceae, from which one can obtain specific information about the 
cell structure, cell contents, and arrangement of cells in leaves, stems, and 
roots of mature plants of hundreds of species of orchids. 

Probably the earliest attempt to treat the anatomy of the mono-' 
•cotyledons comparatively was that of Guillaud (12) in 1878. He presented 
a brief life history of EpipacMs palustris Crantz. as representative of 
the orchids. Some attention was paid to the orchids by de Bary (2) in his 
^'Comparative Anatomy, but perhaps the best known work in this field is 
that of Arber (1). She summarized the available information on the develop- 
ment and structure of the orchids with a view to showing their relationship 
to the other monocotyledons. She pointed out the importance of using knowl- 
edge of internal structure as well as knowledge of external form in the 
study of phylogeny, and emphasized the inadequacy of our knowledge of 
the anatomy of the orchids. 

Recently Fuchs and Ziegenspeck (8, 9, 10) made an extensive study of 
the structure and development of teiTestrial orchids native to Europe. Be- 
cause they were unsuccessful in growing plants from seed, they collected 
their plants in various stages of development in the field. They described 
and diagramed the gross anatomy and developmental story, studied cross and 
longitudinal sections to determine the character and arrangement of the 
tissues, and traced the entrance and penetration of the myeorrlnzal fungi. 
They studied plants belonging to the following genera; Orchis, Cypripedimn, 
Helleborine, Limodorum, Cephala^nthercb, Listerd, Neotfia, Goodyera, 

1 The author wishes to express her thanks to, the Boyee Thompson Institute for Plant 
Beseareh for the use of its facilities while this work was in progress and for furnishing 
the j)hotomierographs. ' 
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Liparis, Achroanthiis, Malaxis, Corallorhiza, Epipogon, Spiranthes, Coelo- 
glossum, Platanthera, Herminium, Oymnadinea, Nigritella, Neotiianthe, and 

Ophrys. 

EeSiilts of studies on the artificial culturing of orchids may be found 
in the work of Kimdson (14, 15), Curtis (7), and Carlson (5). The recent 
work of Burgeff (3, 4) summarizes our knowledge of the germination of 
orchids seeds, the development of seedlings, and the cytology, physiology, 
and classification of the mycorrhizal fungi and their function in the orchid 
plants. It gives directions for isolating and identifying the fungi, and 
for planting seeds and earing for the seedlings, and it contains a good 
bibliography of these phases of the investigations. 

MATERIALS 

Calopogon pidclielliis (Sw.) R. Br., the grass pink, was chosen for this 
study because the early stages in its development can be obtained by 
germinating the seeds and because it has not been studied previously. The 
species grows in bogs and wet meadows throughout the United States and 
Canada. Seeds and plants for this study were collected from sphagnum bogs 
near Sayner, Wisconsin. 

The seeds were planted on a nutrient medium in culture bottles, as 
described by Knudson (14, 15), Curtis (7), and Carlson (5). Seedlings 
in different stages of development and also parts of older plants collected 
in the field were fixed in a modified solution of formalin-aceto-alcohol, 
consisting of 6 parts of 50 per cent alcohol, 3 parts glacial acetic acid and 1 
part of formalin. Sections were cut 10 or 12 p in thickness, mounted in 
serial order, and stained with safranin and fast green. Great difficulty was 
encountered in cutting corms whose cells were filled with starch. Fresh 
conns were sectioned free-hand and the sections kept in serial order on the 
slides. In most cases the starch was removed with a dilute solution of sul- 
phuric acid and the sections were then preserved on the slide in a 50 per cent 
solution of glycerine in water. 

OBSERVATIONS 

The Seed. The seed (fig. la) consists of a transparent, loose-fitting seed 
coat and an ellipsoidal embryo. The seed averages 0.68 mm. in length and 
0.20 mm. in width, and the embryo averages 0.27 mm. in length and 0.15 mm. 
in width (averages from measurements of 60 seeds). The seed coat is a 
membranous air-filled sac, open at the funicular end where it was broken 
away from the placenta. It consists of a single layer of elongated, empty 
cells whose thickened walls give positive tests for lignin and cellulose with 
the standard methods. The embryo is a mass of undifferentiated parenchy- 
matous cells. The cells in the anterior part (toward the chalazal end of the 
seed) are small, with dense cytoplasm and centrally placed nuclei, whereas 
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Pig. 1. Seed and young seedlings of Calopogon pulehellus (Sw.) B. Br. a. Seed, 
b. Germinating seed, embryo enlarged, c. Later stage, apical end of embryo becomes a 
protocorm. d, Protocorm still larger, seed coat split at elialazal end, e. Seedling with 
protocorm and bud at apical end, primordium of first leaf evident, f. Older seedling show- 
ing protocorm, absorbing hairs, developing bud, primordia of two leaves, seed coat still 
attached. 

cells, probably remaining after the disintegration of the inner cells of the 
ovule, as in Cypripedium parvifloruni (6), suspend the embryo in the center 
of the seed coat, and can be seen attached to the embryo when it is removed 
from the seed coat. 

The Seedling. The seeds germinate soon- after being planted in a suit- 
able medium (4). The embryo enlarges and becomes green. At first the seed- 
ling retains its oval shape (fig. lb) because the enlargement is uniform in 
all dimensions, but in a few weeks the apical end enlarges more rapidly than 
the basal end, both in length and in width, and the seedling becomes egg- 
shaped (fig. Ic). It stretches the seed coat laterally, and finally splits it at 
the ehalazal end (fig. Id). 


those of the posterior part are larger and more vacuolated. The embryo is 
not differentiated into epicotyl, hypocotyl, and cotyledon, but the anterior 
part of the embryo becomes a bud and might be considered an epicotyl. The 
much larger posterior portion of the embryo is a food-storage region which 
might be considered a cotyledon. No primary root is present. Oil globules are 
found in the dormant embryo, but neither starch nor sugar is present. The 
walls of the cells of the embryo give a positive test for cellulose. The remains 
of the integuments and nueellus of the ovule form a brown beak-like cap 
over the basal, or micropylar, end of the embryo. Filamentous strands of 
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As growth continues, the differences between the apical and basal ends 
of the seedling become more marked. The cells of the basal part enlarge 
greatly, whereas those of the upper part divide and produce a typical pro- 
^ meristto.. The oil disappears and reducing sugars and starch appear. Certain 
cells of the epidermis elongate outward and become absorbing hairs which 
resemble root hairs. These hairs are produced singly or in small groups, 
and their length depends on external conditions. The seed coat may remain 
attached for a time, but is eventually shed. The seedling at this stage of 
development will be called a protocorm, or first corm (fig. le). 

A bud now develops from the promeristem and appears as a cone-shaped 
protrusion. A circular ridge of cells, which arises from the promeristem, is 
the primordium of the first leaf. A second leaf-primordium arises in the 
same manner, within and above the first (fig. If ). A median longitudinal sec- 
tion of a seedling at about this stage of development (fig. 4) shows the bud, 
with its twm concentric tubular leaf-primordia enclosing the promeristem, 
and its food-storage region still constituting the greater part of the seedling. 

When mature, the first or outer leaf is only about 2 or 3 mm. long, and 
consists of a tubular sheath whose tip is somewhat spread out (fig. 2A). The 
second leaf becomes longer than the first, and extends through and beyond 
the opening in the tip of the first. The second leaf also has a tubular sheath 
whose upper part flattens out into a small blade. The second leaf may be 
from 5 to 10 mm. long when mature (fig. 2B). During the elongation of the 
first two leaves, a third leaf-primordium develops from the promeristem 
directly above the second leaf (fig, 5) and a fourth develops above the third. 
Each new leaf has a sheath-like base which extends through and beyond 
the opening in the sheath of the preceding leaf. The tip of the sheath be- 
comes an increasingly longer blade on each succeeding leaf (fig. 2E) . Usually 
only four leaves develop on a seedling.' They are arranged alternately in two 
ranks and are attached close together because the internodes do not elongate. 
The protocorm, that is, the portion of the seedling below the first leaf, may 
elongate considerably (fig. 2C, D, E). 

The first root of the seedling arises adventitiously either in the upper 
part of the protocorm or in the bud. Its origin and development will be 
described later. 

By mid-season of the first year, the young plant consists of the protocorm 
with its absorbing hairs, the shoot with its four concentric leaves in two 
opposite ranks, and usually, although not always, an adventitious root. The 
first leaf is chiefly a sheath, but the later ones have linear grass-like blades in 
addition to their sheaths (fig. 2). 

During the later part of the first season, the meristematic tip of the stem 
stops growing, and a new corm (the second) begins to form by the elongation 
and enlargement of the parenchymatous cells of the two upper internodes of 
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Fig. 2, Plants of first season. A. Young plant with protocorm ana joung suuou 
older plant with two leaves expanded. C. Second eorm forming at top of protoenrm, wit an 
sheaths of leaves. D and B. Second eorm larger, leaves tully expanded. iM. 3. Corms ot 
older plants. A. Corm with shoot developing from upper two 

trading from base of shoot, lower bud of corm dormant. B. Older eorm with devi loping 
shoot, whorl of adventitious roots, and dormant lower bud; line across "I’l’" ", 

corm is place of attachment of principal leaf. 0. Still older eorm with larger shoot and 

whorl of 7 roots. 

sists of the second and third internodes with the intervening: third node, the 
third leaf is attached to the corm. Its base encircles the eorm oblniuely, 
usually a little above the middle, and is, of course, much broader than t le 
base of anv of the other leaves. Its sheath fits tightly over the top of the corm 
and encloses the fourth leaf which is attached at the top of the corm. Ihe 
extreme tip of the eorm, which is the meristem of the stem tip, usually dies 
mid annears as a brown spot inside of the sheath of the fourth lea . 
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The reserve starch in the cells of the protocorm is gTadually digested 
and passes into the neAv eorm, leaving the protocorm shriveled. The new corm 
becomes miieli larger than the protocorm, probably because some of the fpod 
'manufactured by the leaves and by the corm itself (because its outer layers 
contain ehloroplasts) as well as the excess food from the protocorm passes 
into the new corm. 

The junction between the first and the second corms is seen in figure 6. 
The first internode has remained short in this case, and the encircling sheaths 
of the first two leaves are spread apart by the enlarging corm. Because of the 
abrupt increase in diameter of the second internode, the old and new corms 
seem to be eonnected by a narrow neck. Vascular bundles pass from the old 
to the new corm through this junction, and the cells which surround the 
bundles in this region become thick- walled and remain free of starch. 

As the new corm grows, buds are formed in the axils of the second and 
third leaves opposite their midribs, but none were found in the axils of the 
first and fourth leaves. A bud starts as a group of meristematic cells under 
the epidermis of the corm, and primordia of four leaves develop later from 
these meristematic cells in acropetal order (fig. 9). The buds develop until 
they protrude from the surface of the corm, the upper protruding more than 
the lower. The buds are raised some distance above the attachments of their 
subtending leaves because the corm enlarges and elongates simultaneously 
with bud development. A primordium of an adventitious root is formed, in 
each bud. This will be described later. 

Toward the end of the first growing season the young, plant (fig, 2C, 
D, E ) consists of the small shriveling protocorm which still retains its 
absorbing hairs ; a shoot with four concentric leaves, of which only the upper 
ones have linear flattened blades ; usually an adventitious root arising either 
from the protocorm or from the base of the shoot; and a second corm filled 
with starch and enclosed by the sheaths of the leaves. 

'With the approach of winter, the blades of the leaves succumb to the cold 
and disintegrate, but their sheaths dry and remain as brown scale-like 
coverings over the second corm. When all of the food has passed out of the 
first corm, it gradually disintegrates. The root also dies. Finally all that 
remains through the winter is the dormant second corm, enclosed by dried 
sheaths of leaves, with its dormant buds which contain the primordia of 
leaves and adventitious roots for the next season. 

The Plant in the Second Year. With the resumption of growing con- 
ditions, the upper lateral bud of the corm begins to grow into a new plant, 
development, therefore, being sympodial. It breaks through the clried leaf- 
bases which e.nsheath the corm. The primordia of the leaves elongate rapidly, 
but the stem grows rather slowly. The outer leaf becomes a conical sheath 
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which completely covers the young shoot and gives it the a])i)earaiun‘ ct the 
seedling shoot of corn. Three or four leaves develop from The hud, of which 
two have tubular sheaths open at their tops, and the others have Iine<^u’ blades 
above their sheaths. Each successive leaf is longer than that which pre<'e(h^s" 
it, except the fourth which often does not elongate very much. All of the 
leaves of the plant of the second year become longer and wider tlian those 
of the plant of the first year. The lower bud of the conn, which has tiie 
same origin and structure as the upper bud, remains dormant unless the 
upper bud is removed or injured. The root-tip, which lay dormant in the 
stem of the bud, elongates and pushes horizontally through tlie sheath of 
the first (outermost) leaf of the shoot, and then turns downward. 

After the third leaf has completely expanded, another conn (the third) 
begins to develop in the same manner in which the previous one developed ; 
i.e., by the enlargement and elongation of the second and third internodes 
of the stem and by the entrance of food from the previous conn. The 
meristematic tip of the shoot stops growing when the corm begins to form 
and usually dies. The first (lowermost) internode of the shoot may elongate, 
but it does not increase in diameter, nor become a part of the new corm. It 
merely lifts the new conn higher in the medium in which the plant is 
growing. As in the plant of the first year, buds are differentiated in the axils 
of the second and third leaves, and a root primordium appears in each bud. 

At the end of the second growing season, the plant is larger than, but 
otherwise similar to, the plant of the first season. It consists of the wrinkied 
second corm, a lateral shoot with three leaves, a single root, and the third 
corm enclosed by the sheaths of the leaves. The internode separating the 
corms may or may not elongate. The tip of the stem dies and appears as a 
brown spot terminating the corm. Finally all of the plant except the upper 
corm dies, and the old corm and root disintegrate. The upper corm, enclosed 
by the dry, brown leaf -bases, lies dormant xnitil the next spring. 

Older Plants. The exact age of plants older than two years could not 
be determined because they were collected in the field and not grown from 
seeds. However, it was assumed that the larger the corm, the older the ])lant. 
A series of increasingly larger corms was studied. The history of their de- 
velopment ill succeeding years was found to be much the same as in the 
first two years. 

Each year the plant becomes increasingly larger and more complex (fig. 
3A, B, C), Each year a lateral shoot develops sympodially from the upper 
bud of the dormant corm. If, however, the upper bud is injured, a shoot 
develops from the lower bud. The shoot produces a short stem, and from three 
to five concentric leaves. The first two or three leaves are entirely sheathing; 
the third or fourth bears a lanceolate blade; and the fourth or fifth may or 
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may not elongate. Eacli year until tlie plant is mature, the blade of the prin- 
eipal leaf beeomes longer and wider. Bach year an increasing number of 
adYentitious roots appears at the base of the shoot. Each year, after the leaves 
"and roots are fuily developed, a new conn is formed by the enlargement of 
the two upper internodes of the stem, and this conn may be lifted upward 
by the elongation of the first internode of the shoot. A bud is formed in the 
axil of each of the two leaves of the corm, and new root primordia differenti- 
ate in the buds. The tip of the stem dies when the corm is mature. However, 
when the plant is old enough to bloom, the tip continues to grow and 
produces an infloi’esceiice which pushes up through the sheath of the inner 
leaf, and extends beyond its blade. This inflorescence consists of a peduncle 
and a raceme with from 6 to 12 flowers. It has not yet been determined how 
old a plant must be before blooming. 

Development and Structure of Roots. The embryo has no primary 
root, hence all the roots of the plant are adventitious. The first root of the 
seedling arises by rapid nuclear and cell divisions in a small group of 
parenchymatous cells in the outer cortex of the upper part of the protocorm. 
The group of meristematic cells enlarges and becomes differentiated into a 
typical root-tip, and then elongates and extends horizontally outward. The 
root may stretcdi the epidermis before breaking it and emerging (fig. 7). 
The root remains unbranehed. Often this root from the protocorm is absent, 
in which case a primordium (or occasionally two) arises in the bud. It 
appears as a gi'oup of meristematic cells in the outer cortex of the internode 
between the first and second leaves (fig. 5). This group of meristematic cells 
becomes a root-tip which elongates, digests its way through the epidermis 
of the stem and the sheath of the first leaf, and emerges. Sometimes, how- 
ever, the seedling has no root (fig. 2), and absorption is then entirely 
accomplished by means of the epidermis and the absorbing hairs of the 
protocorm. 

In each succeeding year, when the upper bud of the conn develops into a 
shoot, adventitious roots arise at its base (fig. 3). The number of roots per 
year increases as the plant ages. An early stage in the formation of a root 
primordium (figs. 9, 12, 32) show^s a small group of meristematic cells in the 
outer part of the stem, just below the attachment of a leaf. This group of 
meristematic cells becomes dome-shaped, as in figure 9, and may remain 
dormant in this condition during the winter, or may differentiate into a 
typical root-tip before dormancy begins. When the bud grows in the spring, 
the root-tip elongates horizontally and digests its way through the epidermis 
of the stem and the bases of one or more leaf -sheaths which enclose it (figs. 
11, 29-34). The root-tip, or tips, which originate in the lower bud of a corm 
do not develop into roots if this bud is inhibited in its growth by the growth 
of the upper bud. 


1943] 


CARLSON: CALOPOGON 


357 


The roots of older plants form whorls in a zone at the base of the lateral 
shoots (fig. 3). The positions of the ten roots of a medium-sized i)lant are 
seen in figures 29-34, where the roots are numbered in the onler of their 
position, beginning with the lowermost. This order is not neee.ssarily the ’ 
order of their age (for example, the seventh and eighth roots are younger 
than the ninth), but usually the lower roots are older than the uiiper ones. 
In the plant illustrated, the roots seem to be approximately opposite eaeh 
other in series, that is, the first is opposite the third, the second opposite the 
fifth, the fourth opposite the sixth, and the seventh opposite the ninth. The 
eighth, however, is not opposite the tenth. Too few cases have been studied 
to permit generalizations concerning the regularity of the positions or the 
order of development of the roots. They extend outward in all directions 
from the shoot and are unbranehed. 

A mature root (fig. 8) consists of an epidermis, bearing root-hairs, a 
parenchymatous cortex, a well-defined endodermis, a stele with radially ar- 
ranged xylem and phloem and a small pith. The endodermal cells have (las- 
parian strips on their radial walls, and the cells of the pericyele are thin 
walled opposite the xylenl and thick walled opposite the phloem. The exarch 
xylem and phloem are surrounded by sclerenchymatous cells. The number 
of alternating strands of xylem and phloem increases from four (teti-arch) 
in young roots to many (polyarch) in older ones. Hyphae of the myeorrhizal 
fungus, which entered through the root-hairs, form knots in many of the 
cells of the cortex. 

Structure of Leaves. The three or four leaves of the seedling consist 
of two or three layers of undifferentiated mesophyll between the epidermal 
layers (figs. 4, 5). The outer leaf has a single median vein, and each of the 
others has three parallel veins, a median one and two smaller lateral ones. 
The cross section of the median vein shows only a few tracheids and sieve 
tubes, surrounded by a parenchymatous bundle sheath. The lateral veins 
may show only a single tracheid and one or two phloem cells in cross section. 

After the first year, the shoot produces from three to five leaves each year. 
Only one (usually the third) bears the elongated grass-like blade by which 
the plant is recognized during the growing season. Its blade (limb) and 
sheath are separated by a joint, but no ligule is present. The lower leaves 
are tubular sheaths. Sometimes a smaller leaf with a diminutive blade 
appears above the principal leaf. 

All the leaves become longer, wider, and thicker each year, and the num- 
ber of veins in each increases. When young, a plant has three veins in eaeh 
leaf; when older, five; then seven; and when old enough to bloom, it may 
have from thirty to forty veins. The larger veins enter the leaf from the 
stem separately, and the smaller veins arise as branches from the larger ones. 
All the veins are parallel, but small cross-veins connect adjacent veins at 
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frequent, irregular intervals. All the veins join near or at the pointed tip 
of the leaf. 

The leaves of an individual plant differ somewhat in structure (figs. 12, 
13) . They are progressively thicker from the lower to the upper. In afl leaves ' 
the epidermal layers are thinly cutinized, and the mesophyll consists of 
simple parenchymatous cells, smaller in the outer half of the leaf, and larger 
in the inner half, but with no differentiation into typical palisade and sjumgy 
tissue. Large air spaces appear in the inner mesophyll of the hnver leaves. 
The veins are surrounded by sclerenchymatous bundle sheaths. The larger 
collateral veins contain both xylem and phloem and the smaller veins may 
contain only phloem. Smaller strands between the veins may be composed 
entirely of selerenchyma. The main veins are progressively larger from the 
lower to the upper leaf. 

Vascular System. The embryo has no vascular tissue, but when the 
apical bud is formed on the protocorm, a small central provascular strand 
is differentiated at the base of the bud (fig. 4) and continues upward as the 
bud develops. This strand becomes a simple protostele (fig. 26), its differen- 
tiation beginning at the lower end and proceeding upward. The stele is 
bounded by an endodermis of large thin-walled cells with conspicuous Cas- 
parian strips on their radial walls and by a parenchymatous pericycle of one 
layer of cells. The xylem consists of a few scalariform tracheids ; the phloem 

Explanation of figures 4-13. 

Photomicrograplis, sliowing structure of plant at different stages of development. 
Fig. 4. Median longitudinal section of a young seedling (about same age as seedling 
in figure la) showing protocorm with provascular strand, meristern of bud, primordia of 
two concentric leaves. Fig. 5. Longitudinal section (not median) of a seedling some- 
what older than that in figure 4, showing protocorm, second leaf longer than first, primor- 
dium of third leaf, and primordium of first adventitious root below the attaelimmit of 
the second leaf. Fig. 6, Longitudinal section of a seedling (about the same age as th(‘ 
seedlings in figure 2D, E), showing portions of protocorm (below) and second conn 
(above), second corm with starch, protocorm with none ; thick-walled cells above and below 
narrow junction between 2 corms, sheaths of 2 lower leaves stretched by second conn. 
Fig. 7 . Cross section of protocorm at level of first root, showing root protruding and 
stretching epidermis; provascular strand between center of root and stele of protocorm. 
Fig. 8. Cross section of mature root of old plant. Fig. 9. Portion of section of corm of old 
plant, showing bnd with primordia of leaves, provascular strands, and primordium of ad- 
ventitious root between first and second leaf -primordia ; bud covered by corm tissue. Fig. 
10. Cross section of base of shoot, just above its separation from corm. Vascular biuidlcs 
from corm, each with circular strand of phloem, relatively small amount of xylem, and 
sclerenchymatous bundle-sheath. FiG. 11. Gross section of same shoot bet^veen first and 
second nodes ; a, c, d, e, midrib and midrib traces of first, third, fourth and fifth 
leaves, respectively. Young root digesting way through epidermis of stem and outer leaf, 
vascular connection of root and stem. Portion of cylinder of sclerenchymatous cells, 
showing connection with stele of older root. Fig. 12. Cross section of same shoot at 
third node; letters, as above. Portions of sheaths of three leaves, young bud (upper left), 
provascular strands extending horizontally toward, bud, root primordium (lower right) 
at base of third leaf, 7 large and 8 small traces to fourth leaf. Fig. 13. Portions of 
cross Sections of three mature leaves. 
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eoiisists of a few sieve tubes and companion cells. The arrangement of xylem 
and phloem appears to be monarch. 

If q; root is formed in the protoeorm, a simple protostele is differentiated 
inward from the center of the root and meets the central stele of the proto- 
corm at a right angle (fig. 7). 

The upper part of the vascular system of the seedling consists entirely 
of leaf traces which make a two-sided pattern in supplying the two ranks of 
alternate leaves. This vascular system will be described from the base of the 
seedling upward (figs. 14-25) rather than in the direction of its dilferen- 



Figs. 14-27. Vascular system of plant of first season. Figs. 14-25. Series of cross 
sections from base upward, showing course of vascular bundles. Traces originating from 
one main bundle in black j those from other main bundle in white. Fig. 14. Through 
protoeorm, with protostele and absorbing hairs. Fig. 15. Trace to first leaf, at a right 
angle with protostele. Fig. 16. Sheathing first leaf, with one vein; one vascular strand 
in stem. Figs. 17-18. First internode; larger of two main bundles (black) separated 
into three, median becomes median trace of second leaf, laterals each divide into two ; 
other main bundle (white) separated into three. Fig. 19. Base of second corm above 
second node. Second leaf with three veins. Inner branches of two laterals (black) fused, 
median (white) divided into three. Fig. 20. Third node, leaf not entirely separated. 
Midrib of leaf and trace to bud from median of above three (white), two lateral 
traces (black) to third leaf. Figs. 21-22. Above third node. Second and third leaves, 
three veins each; three bundles (1 black, 2 white) continuing upward. Fig. 23. Above 
fourth node. Larger bundle (black) divided into three, middle becomes median trace to 
fourth leaf; two smaller bundles (white), each divide into two, inner branches unite, 
outer become lateral traces to fourth leaf. Figs. 24-25. Top of second corm. Fused 
bundle (white) divides into two, one goes to tip of corm and other to bud in axil of 
fourth leaf; two bundles (black) go to same bud. Fig. 26. Detail of protostele from 
figure 14. Fig. 27. Detail of bundles from figure 17. 
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tiation from the tip downward. The central stele of the protocorni ' ‘divides 
into two unequal bundles. The smaller bundle “passes into’' the first leaf 
(fig-. 15), and the larger continues upward for a short distance and then 
“divides"^ into two. The larger of these bundles, shaded black in figures 
17-25, gives rise to one-half of the vascular system, and the smaller, white 
in figures 17-25, gives rise to the other half. Each half will be described 
separately. 

The larger of the two main bundles divides into three (fig. 17). The 
median of these passes into the midrib of the second leaf, and each of the 
two smaller lateral ones divides again (fig. 18). The two outer of these traces 
become the lateral veins of the third leaf (fig. 21). The two inner bundles 
join into a single bundle which continues upward to the fourth node (figs. 
19-22) and then divides into three. The median bundle of these three goes 
to the midrib region of the fourth leaf (fig. 23), and the other two go to the 
bud in the axil of the fourth leaf. 

The course of the bundles on the opposite side of the seedling is similar. 
The smaller main bundle in the first internode divides into three (fig. 18), 
the two lateral ones becoming lateral traces to the second leaf, and the cen- 
tral one continuing upward to the second internode, where it again divides 
into three (fig. 20). The median one of these three divides into two, one of 
which passes into the midrib of the third leaf and the other of which passes 
into the bud at the third node (fig. 20). Bach of the two lateral bundles 
divides into two, the outer two becoming the lateral veins of the fourth leaf ; 
the inner two joining and continuing upward to the tip of the seedling (figs. 
23-25). Thus the median traces of the second and fourth leaves and the lat- 
eral traces of the third form one-half of the vascular system, and the median 
traces of the first and third and the lateral traces of the second and fourth 
leaves form the other half of the vascular system. When the new conn is 
formed by the enlargement of the two upper internodes, the vascular bundles 
are merely separated by the enlarging cells of the parenchyma and are not 
changed in their course. 

Because the new shoot develops from the upper bud of the (*orm in each 
subsequent season, the vascular system of this shoot is differentiated when 
the bud is developing on the corm, and is joined to the vascular system of the 
corm very early in the history of the bud. The vascular system matures as 
the bud grows into the new plant. Each year, as the plant becomes larger, its 
vascular system increases in number of bundles and complexity of j)atteni. 
The number and arrangement of vascular bundles was studied in increas- 
ingly older plants. The exact age of these plants, was not known, but their 

2 The stele is said to ^tdivlde,^^ to (‘give off branches^' which ^‘enter'' other parts, 
and so forth, much as these expressions inay be of a road all built at one time, not 
as meaning that such events occur in ontogeny. It is in such a sense that they are used 
in the rest of this paper ; the quotation marks being hereafter omitted. 
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age was assumed to be related to their size, to the number of veins in the 
principal leaf, and to the number of adventitious roots at the base of the 
shoot.^ 

The course of the vascular bundles in an older plant — one with 10 roots 
and 15 veins in its principal leaf — ^is illustrated in the series of cross sections 
in figures 28-36. The upper bud of this plant had begun to develop and 
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the first five roots had emerged at the base of the shoot (as io. figure SB 
when it was fixed tor seetionmg. Here, again, the course of the bundles will 
be described from the base upward. The number of bundles in the base of 
the shoot vanes at difterent levels because some bundles fuse and others ^ 
divide. Twenty-one bundles are shown in figure 28. They are placed some- 
what irregularly in two rings, the larger bundles in an inner ring and the 
smaller alternately _m an outer ring. Figure 10 shows the character and 
arrangement of 15 similar bundles in the base of another plant. Each bundle 
has a circular strand of phloem, a relatively small amoiuit of xvleni, and an 

encircling sclerenchymatous bundle-sheath. Some appear to be 'either fusing 

or dividing. 

At higher levels in the stem, the vascular system becomes very complex 
and seems to follow no regular pattern, as it does in the seedlings. The 
bundles may branch, anastomose, or connect by hori^^ontal eross-bumlles. 
Their course is particularly difficult to follow in the region where the roots 
emerge (figs, 29-32), because here they pass into and are obscured by a 
cylinder of cells which become thick- walled. A portion of this cylinder of 
sclerenchymatous cells is seen in the lower part of figure 11. 

The smaller bundles in the base of the shoot supply the first ring of roots 
and the first leaf. These bundles branch profusely, and several neighboring 
branches converge and join with the provascular strands of each young root- 
fip part). As the tissues in the root develop, the sclerenchyma 

surrounding the bnndles^ to the root becomes contimious with that which 
surrounds the vascular tissues in the root (fig. 11, lower). The number of 
bundles which supply a root and the manner in which the collateral bundles 
of the stem become oriented to form the radially arranged strands of xylem 
and phloem in the root were not studied. 

Other branches of bundles become the traces to the first leaf. These are 
followed with difficulty because they are obscured by the emergence of the 
roots below and at the level of de parture of the leaf. The midrib and several 

arrows). Figs. 29-30. Below fiist iiode. First three roots emerging, cylinder of scleren- 
chymatous tissue (stippled), vascular bundles branching, anastomosing, and connecting 
by cross-bundles, traces of first leaf (ringed heavily). Fig. 31. First node. First leaf 
partly separated from stem, three additional roots, part of Mg of traces to second leaf 
in cortex, two central bundles present. Photomicrograph (reversed) of portion of this 
section in figure 11. _ Fig. 32. Second node. Second leaf partly separated from stem, 
seventh root penetrating base of second leaf, young primordium of eighth root in cortex 
of stem, ring of traces to third kaf forming. Fig. 33. Second internode. Ring of 
traces to third leaf, ninth root penetrating first and second leaves, primordiiiin of tenth 
root in cortex of stem. Fig. 34. Third node. Three sheathing leaves, axillary bud of third 
leaf, ring of 15 traces to fourth leaf forming, 6 bundles in center of stem continuing 
upward. Photomierograph (reversed) of portion of this section in figure 12. Fig. 35. 
Fourth node below leaf and bud, 7 traces to fifth leaf, 2 bundles continuing upward to 
stem tip. Fig. 36. Tip of shoot. Five eoneeiitric leaves, with 12, 17, 21, 15, and 7 veins, 
respectively., ' 


364 


BULLETIN OF THE TORRE Y CLUB 


[VoL. 70 


otlier traces, liowever, can be followed in figures 29 and 30. They simply pass 
throngh the cylinder of thick-walled cells, extend obliquely upward across 
the cortex, and enter the base of the leaf. Of the 12 strands in the first leaf, 
several are small, consist only of sclerenchymatous cells, and should probably 
not be called veins. These seem to have no conneetion with the bundles in 
the stem. 

The seven larger bundles in the base of the shoot (black in figs. 28-36) 
also give off numerous small branches which become arranged in concentric 
rings and supply the other leaves and roots. One ring of 17 traces supplies 
the second leaf and another of 21 supplies the third (figs. 29-34). Some of 
these are seen in detail on either side of the root in figure 11. The seven main 
bundles, together with eight smaller alternating branch-bundles, finally 
enter the base of the fourth leaf (figs. 33-35, 12) which is the principal leaf 
of the plant. Two central bundles which originate below the first node be- 
come the midribs of the fifth and sixth leaves. One of these, together with 
six additional branch-bundles, supplies the fifth leaf, and the other goes to 
the tip of the stem. 

The courses of the seven main bundles were followed from the corm 
upward to the base of the fourth leaf in order to discover a possible plan in 
their branching. No such plan was found. The course of the median trace 
to the fourth leaf (d in figs. 28-36, 11, 12) will be described. In the base of 
the stem it gives off two branches, one extending outward from each side 
(fig. 28). At a higher level, it gives off another branch (fig. 29) which enters 
the fifth root. Still higher it connects by a cross-bundle with one of the 
bundles in the center of the stem (fig. 30), and above this it connects by two 
eross-bundles with the two adjacent main bundles (fig. 30, dotted lines). 
Continuing upward, it then gives off, toward the outside, two small bundles 
(figs. 31, 32, arrows) which become leaf traces to the second leaf, and finally 
another which divides into two (fig. 33), which become traces to the third 
leaf. It then passes into the midrib region of the fourth leaf without further 
branching. 

A similar study of the vascular systems of many older plants indicated 
that the larger bundles entering the stem from the corm extend upward, 
giving off many branches, and become the principal veins of the principal 
leaf ; that usually an odd number of veins enters this leaf ; that the number 
of veins in the sheathing basal leaves is greater than the number in the 
principal leaf ; that the number of veins in the blade of the principal leaf is 
greater than the number in its sheath because some of the veins in the blade 
branch; that the branches from these bundles supply the other leaves and 
roots. The number of strands per leaf may be large ; for example, the outer 
leaf in figure 13 has 51, the second has 58, and the third has 31. The num- 
ber of principal veins in these leaves is 19, 11, and 9, respectively. 
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DISCUSSION 

The interpretation of the structure of the embryo of orchids presents 
difi0culties. The embryo may be considered simple and undifferentiated 
(Arber, 1, p. 166), lacking all of the parts of a typical monocotyledonous 
embryo and consisting of only a food-storage region and a nieidstematic 
region. When the seed germinates, the posterior portion of the embryo 
supplies food to the anterior meristematic region which produces a more or 
less enlarged and elongated axis with a bud at its apex. The bud develops 
into a stem with sheathing leaves at its nodes, and might, thtu'efoi*e, be con- 
sidered a plumule (epicotyl?). But how shall the axis-like part, which li(‘s 
between the original food-storage region and the insertion of the first leaf, be 
interpreted? It becomes green because of the formation of ehloroplasts in 
the outer layers of its cortical cells. It may produce absorbing hairs all over 
its surface. Its central vascular strand is a monarch protostele, surrounded 
by a well-differentiated endodermis. The first root of the seedling often ori- 
ginates iii this part of the seedling. Goebel (11, pp. 1402-3) calls this part of 
the axis a hypocotyl. It has many of the features of a hypoeotyl, but if it is 
one, must the leaf at the first node be considered a cotyledon, or does the 
hypocotyl join the epicotyl with no cotyledon at the junction? I have called 
this part of the axis a protocorm, or first corm, simply because it enlarges in 
diameter and becomes filled with starch. I have assumed that the hypocotyl is 
lacking and that the plumule produces the shoot which bears true leaves at 
its nodes. 

There seems to be no question about the fact that a primary root is 
lacking in the embryo. This absence of a root is not surprising, because the 
primary roots of many other monocotyledons are lacking or ephemeral. 
Arber (1) states that the differentiation of a primary root at tlie suspensor 
pole of the embryo is prevented by the presence of the endophytic fungus in 
the cells of this pole. This cannot be true of Calopogon pulchellm because 
no endophytic fungus was present in the embryos nor in seedlings grown 
in a sterile culture medium. All of the roots of C. pulchellus are adventitious, 
arising in the cortical parenchymatous cells of the protocorm or of the 
lower nodes of the stem. 

Is a cotyledon present in the embryo! Some miglit interpret the food- 
storage region of the embryo as a cotyledon; others might assume that the 
first leaf is a eotyledon; while still others might conclude that a cotyledon 
is lacking. In this work I have taken the last position. 

Growth of C pulcheM is sympodial; that is, the new shoots arise from 
lateral buds. Sympodial growth is common among the orchids and other 
monoeotyledons. The terminal bud ceases growth and differentiation and 
usually dies, but the causes of the cessation of growth or death of the termi- 
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Iial bud are not known. Arber ( 1 , pp. 29 , 221 ), reporting work by Bernard, 
suggests that growth and differentiation slow down or cease when tuberiza- 
tioii begins and that tuberization begins when the plant becomes infected 
with tlie myeorrhizal fungus. Knudson ( 14 , 15 ) showed that certain effects 
of the fungus could be replaced by the addition of certain carbohydrates. 
Whether or not the cessation of terminal growffh and the tuberization of the 
two upper internodes (with the intervening node) of the stem of C. piUchel- 
lus are related to infection by a myeorrhizal fungus or to the carbohydrate 
supply is not knowm. 

The vascular system of the young plant consists of the single vascular 
bundle in the protocorm and the leaf traces, while that of older plants con- 
sists entirely of leaf traces. The single leaf trace of the first leaf passes’’ 
independently across the cortex and joins the bundle in the protocorm at a 
right angle. The three leaf traces from each of the other leaves fuse in a 
definite pattern and form two main bundles which join with the bundle in 
the protocorm. The fact that the trace of the first leaf is entirely separate 
from those of the later leaves may be a consideration in determining whether 
or not this leaf is a cotyledon. 

Bach year after the first, the vascular system of the plant arises in the 
upper lateral bud of the corm. Provascular strands appear, in the usual 
manner, during the differentiation of the bud, and those strands to the 
third leaf-primordium connect with nearby bundles of the corm and become 
the main vascular bundles of the stem of the new plant. Those provascular 
strands which become the leaf traces of the first and second leaves, as well 
as those to the adventitious roots, join the main vascular strands very near 
the level of the departure of the respective organs. Leaf traces from the 
fourth leaf (when present) also join to the main vascular strands. 

Because each year the older plant consists of only four nodes with the 
intervening internodes, the pattern of the vascular system is the same, except 
that the number of bundles increases as the plant gets older. The pattern is 
different from the palm type ( 2 ) and the types in the Gyperaceae and other 
monocotyledons described by Plowman ( 16 ). The main bundles of the plant 
of C. p7dcke^lifc^‘f'pass” continuously from the corm through two internodes 
and become the main traces of the third leaf, which is the principal leaf of 
the mature plant. All other bundles are traces which join the main bundles 
at the nodes. Anastomoses of bundles are frequent and follow no particular 
plan. 

The plant passes the winter as a corm with two lateral buds. I have used 
the term '"corm” rather than tuber” because the enlarged stem is short, 
thick, and axial, and is covered by the dead bases of the ensheathing leaves. 



1943] 


CARLSON: CALOPOGON 


Ml 


It is similar to a corm of Crocus. Each year a new eorm is produced by the 
two upper internodes of the stem and the old corm shrivels and disinte^Tates. 

SUMMARY 0 

1. oi Caloioogon pulchelhis were germinated on a eulture medium 
and the young plants w^ere grown for two years. Older plants were eolleeted 
in the field. The anatomy of plants from embryo to the age of blooming wan 
studied. 

2. The embryo consists of a food-storing region and a meristematii' region 
which develops into a bud. The bud produces a seedling, with a protocorm at 
its base and four leaves above. The first root is adventitious and may arise 
from the protocorm or from the first node of the stem. A second corm arist‘s 
from the two upper internodes of the stem, and the excess food passes from 
the protocorm to the new corm. All of the plant except the second corm dies 
at the end of the first growing season. 

3. The plant of the second year arises from a bud at the upper node of 
the corm. It also produces an adventitious root at its base, four or five leaves, 
and a new corm from the two upper internodes of its stem. The development 
of the plant is much the same in succeeding years, except that the number 
of roots becomes greater and the leaves and the new corm become larger each 
year. 

4. The structure of the root, stem and leaves of a mature plant, and the 
course of the vascular system in seedlings and older plants are described. 
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A FURTHER NOTE ON THE PRODUCTION OF THIAMINE 
BY ACTINOMYCES 

J, Arthur Herrick and Const. J. Alexopoulos^ 

111 a previous paper in whieli the writers reported the results of studies 
oil antibiosis between some species of Actmomyces and certain fung:! (1), it 
was suggested that certain results ''may very well be an indication of the 
presence of growth stimulating substances secreted in the agar'’ by the 
actinomycetes employed in those experiments. In a subsequent paper (2) 
the writers reported the production of thiamine or its precursors by Art fa o- 
myces vtridochromogeniis. In the meantime Mackinnoii reported the pro- 
duction of thiamine by A. a/hits (3). 

In view" of the above, it appeared desirable to test a number of different 
species of Actinomyces to discover if the production of thiamine is wide- 
spread in this genus. 

EXPERIMENTAL STUDIES 

A suitable number of 200-cc. Erleiimeyer flasks, each containing 25 ec* 
of a liquid medium, prepared according to the formula and procedure pre- 
viously reported (2), \vere sterilized by autoclaving at 17 lbs, pressure for 
15 minutes. Ten flasks were then inoculated with a heavy spore suspension 
of each of 24 actinomycetes,^ respectively. A suitable number of flasks were 
retained for use as controls. 

Nine days after inoculation'^ the actinomycete mycelium wms removed by 
filtration through filter paper, the filtrates restored to their original volumes 
with distilled water, and their acidities adjusted to pH 5,4. The 250 cc. of 
each filtrate were divided into 50-ec. portions and returned to five of the 
original flasks. The sterile control medium wms treated in a similar fashion. 
The filtrates were now sterilized at 17 lbs. pressure for 20 minutes. In order 
to destroy a thermolabile inhibitor known to be present in filtrates of A. gou- 
cultures, these filtrates wrere immediately reautoclaved at 17 lbs. pres- 
sure for another 20 minutes. On the following day all flasks wTre inoculated 
with 4-mm. discs cut from young cultures of Phycomyccs hlalxesleeanus 
growing on eornmeal agar in Petri dishes. 

1 The writers wish to express their appreciation to Br. H. A. Conninghain, Chairman, 
Bepartment oLBiology, Kent State University, Ms eneouragement and cooperation in 

providing research facilities. U 

2 The writers are grateful to Dr. Selman A. Waksman for supplying 14 of the 24 eiil* 
tures employed in these experiments. 

^ A, goK.geroti was permitted to grow 17 days hecanse of its very slow growth rate. 
Woa. and Micromonospora failed to grow satisfactorily in the medium 

used and were discarded after several weeks. 
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Thirteen days after moenlatioii the Pkyconiyces mycelia were removed 
from the filtrates by filtration through filter papers, dried at 100° C, and 
the drv weights determined. Because of a few contaminations only four of 
^ each set of flasks were filtered. The essential data are presented in the accom- 
panying table (table 1). 

TABLE 1. Dry weights of Phyoomyees llakesleeanus mycelium produced in IS days 
on (udture filtrates of mirioiisactim^ 


Species 


Dry weight, in mg., of 
mycelium from 
four flasks 


Description of the Phycomyces 
mycelium 


A. albidoflamis 287 

A. alhosporeus lo4 

A. mus 206 

A.annulatus 166 

A. aureus ,184 

A.bol)ai 468 

A. (uilifornicus Ill 

A. eelMosae 170 

A. fimicarius 131 

A. fiavomrens \ 367 

A. fiavus 118 

A. f radii 511 

A.gougeroti 442 

A.halstedii 133 

A. madurae 106 

A. purpeochroniogenus ...... Ill 

A.reticuU 256 

A. scabies 340 

A.violaeeous-rn'ber 228 

A.riridochromogenus 191 

Proa, asteroides 132 

Proa, salmonlcolor 92 

Control 17 


Complete coverage of surface. Heavy 
sporangiophore production. 

Complete coverage of surface. Medium 
sporangiophore production. 

Most of surface covered. Medium spo- 
rangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

Complete coverage of surface. Very 
heavy sporangiophore XJi^'oflu-ction. 

Complete coverage of surface. No spo- 
rangiopliores. 

One-half of surface covered. Medium 
sporangiophore production. 

One-third of surface covered. Medium 
sporangiophore production. 

Surface completely covered. Heavy spo- 
rangiophore production. 

Little surface growth. Very few spo- 
rangiophores. 

Complete coverage of surface. Very 
heavy sporangiophore i^roduetion. 

Complete coverage of surface. Heavy 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Light spo- 
rangiophore x)roduction. 

One-half of surface covered. Light spo- 
rangiophore x)roduetion. 

One-half of surface covered. Heavy 
sporangiojfliore i:)roduction. 

Complete coverage of surface. Heavy 
sporangiophore production. 

Three-fourths of surface covered. Me- 
dium sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore j)roduction. 

One-half of surface covered. Very few 
sporangiophores. 

Small, completely submerged mycelia. 
No sporangiophores. 
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DISCUSSION AND CONCLUSIONS 

The growth otFhycom.yces Uahesleeanus as a test for thiamine has been 
previously discussed (2) . A comparison of the growth of P, hlakvsh &inu.s on , 
the filtrates of the 22 actinomycetes employed in these experiments witli that 
on the control medium is offered as convincing evidence that ail of tlie 
actinomycetes investigated are able to produce detectable amounts of thia- 
mine, or its precursors, in culture. 

Although the species investigated constitute only about one-fifth or less 
of the total number of actinomycetes known, the fact that all of them gave 
positive results would seem to indicate that the production of thiamine is 
very widespread in the genus Actinomyces. 

SUMMARY 

Twenty- two actinomycetes w^ere grown on a thiamine-free iifpiid 
medium. The cultures were filtered, the filtrates acidified and autoclaved. 
All of the 22 filtrates were found to support a considerable growth of Phyeo- 
myces hlakesleeamis. It is therefore concluded that all of the 22 actinomy- 
cetes investigated produce thiamine or its intermediates or precursors in 
culture. 

Department op Biology, Kent State University 
Kent, Ohio 
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VITAMIN DEFICIENCIES OF FIFTY YEASTS AND MOLDS 
Paul R. Burkholder and Dorothy Moyer 

This paper is a report of studies made on the growth factor requirements 
of thirty-three strains of yeasts representing twenty-four species, and seven- 
teen strains of molds belonging in thirteen species. Since the vitamin re- 
quirements of microorganisms have been extensively reviewed in the recent 
literature, discussion of various aspects of the subject will not be given here. 
Our knowledge concerning vitamin deficiencies of the filamentous fungi has 
been well summarized by Robbins and Kavanagh (1). References to im- 
portant literature dealing with the vitamin relations of yeasts may be found 
in a paper by the senior author (2) . 

Cultures of Fomes annosiis and Lenzites lehdina were made available 
through the kindness of Dr. Ross W. Davidson, Division of Forest Pa- 
thology, Bureau of Plant Industry, Washington, D. C. Dr. Alma D. Water- 
man, Division of Forest Pathology, Bureau of Plant Industry, New Haven, 
Conn., supplied cultures of Cytospora sp. and Coryne sarcoides. The species 
of Trichophyton^ Hormodendron, Phialophora, and SporotricJion were ob- 
tained from Dr. C. W. Emmons, National Institute of Health, Bethesda, Md. 
The yeast cultures were supplied by Drs. L. J. Wiekerham and Kenneth B. 
Raper, from the Culture Collection of the Northern Regional Research 
Laboratory, Bureau of Agricultural Chemistry and Engineering, Agricul- 
tural Research Administration, U. S. Department of Agriculture, Peoria, 111. 
Stock cultures of these microorganisms were carried on yeast-peptone- 
dextrose agar. 

The methods employed in this study were essentially the same as those 
which have been reported earlier (2). The basal medium employed for culti- 
vation of the molds and yeasts contained the following compounds in each 
liter of solution: dextrose C.P., 20 gm. ; recrystallized asparagine, 2.0 
gm.; KH2PO4, 1.5 gm. ; MgS04 • 7H2O, 0.5 gm.*; CaCL * 2H2O, 0.33 gm. ; 
(NH4)2S04, 2.0 gm, ; and KI, 0.1 mg. Trace elements were added to this 
medium inp.p.m. as follows: B, 0.01; Mn, 0.01; Zn, 0.07; Cu, 0.01; Mo, 0.01 ; 
and Fe, 0.05. Vitamin supplements were added singly or in combination in 
micrograms per liter of medium as follows: thiamine hydrochloride, 200; 
pyridoxine hydrochloride, 200; nicotinic acid, 200; biotin methyl ester, 2.0 ; 
ealcium pantothenate, 200 ; and inositol, 10,000. Riboflavin was generally 
omitted from consideration inasmuch as earlier work indicated that yeasts 
and molds are not commonly deficient for this vitamin.^ The dosages of 

1 In the series of cultures set up for several human pathogens (figure 1), riboflavin 
(200 micrograms per liter) was included in the medium. 

■■ m2: . 
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TABLE 1. Growth of yeasts in a chemically defined medium with varied supplements 
of vitamins and liver concentrate. The values represent turhidity units of cultures aeicint 
for 72 hours at 25° 

' ' ^ — I 


Organisms 

— Six vitamins 

- Biotin 

o 

p^ 

t 

— Pantothenic 
acid 

- Nicotinic 
acid 

-Inositol 

- Thiamme 

+ Six vitamins 

+ Six vitamins 
+ liver 

Candida albicans 

416 

14 

10 

148 

179 

155 

139 

74 

156 

210 

C. albicanss 

430 

8 

8 

174 

194 

190 

165 

130 

■205 

187 

C. albicans 

461 

6 

10 

187 

192 

184 

147 

156 

176 

201 

C. albicans 

462 

4 

5 

224 

241 

234 

202 

124 

235 

281 

C, albicans 

467 

7 

0 

204 

200 

192 

193 

119 

190 

243 

C. albicans 

475 

0 

0 

0 

0 

0 

0 

0 

0 

181 

0. chalmersi 

982 

0 

4 

312 

322 

322 

329 

289 

262 

244 

C. chevalieri 

309 

265 

336 

391 

349 

329 

340 

379 

316 

623 

C. deformans 

321 

35 

290 

327 

304 

314 

290 

26 

340 

:247 

C. flareri 

245 

0 

4 

121 

113 

113 

99 

98 

106 

95 

C, mycotoruloidea 

527 , 

0 

1 

144 

156 

148 

141 

61 

149 

170 

C, parahrusei 

316 

0 

0 

162 

167 

157 

149 

157 

144 

182 

C. stellatoidea 

523 

27 

29 

185 

201 

189 

179 

86' 

195 

206 

C. stellatoidea 

524 

0 

0 

59 

63 

62 

61 

54 

59,' 

■81 

C. stellatoidea 

525 

10 

28 

191 

205 

194 

190 

77 

195 

220 

C. stellatoidea 

25 

36 

194 

195 

193 

195 

92 

195 

245 

526 

C. ^eylanoides 

■■.,,■■,347 

Chalara mycoderma 

709 

0 

0 

160 

148 

72 

152 , 

147 

■134 

65 

3 

382 

322 

375 

360 

355 

' 8 

357 ■ 

415 ■■' 

Hansenula suaveolens 

184 

174 

217 

203 

227 

180 

223 

172 

:'422^' 

838 

Monilia albicans 

........ 14 

16 

138 

168 

166 

151 

93 

156 

'■' 169 

414 

M, metalondinensis 

12 

23 

161 

191 

203 

166 

206 

■189 

205 

82 

M:, metalondinensis 

....... 12 

18 

188 

170 

174 

180 

121 

•'l60 

21.1 ■ 

■ .539 

Mycoderma lafarii 

936 

........ 0 

36 

247 

307 

: '222 

„249. 

89 

' ■211 

■■265 

M, vini 

0 

0 

0 

0 

0 

0 

■•■■0 

' O, 

1,24 

939 

Tichia alcoholophila 

373 (after 9 days) 

6 

0 

820 

795 

770 

820 

■795.: 

■■720 

790 
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TABLE 1. — (Gontimied) 



p. lelgica 0 3 0 113 110 59 14 109 132 


p. lelgica 0 3 0 113 110 59 14 109 132 

952 

P. BombfOwsUi 19 233 256 237 204 223 9 244 290 

119 

Baccharomyces bayanus 26 96 316 161 372 44 257 290 397 

966 

S. valulus 0 0 104 76 89 62 0 117 67 

972 

Bcliwosaccharomyces yomhe ... 4 1 107 6 1 4 114 72 193 

9 

Tomlopsis dattila 15 157 174 178 182 184 0 153 88 

171 

T. moliscMana 4 1 174 133 131 156 129 146 199 

218 

T.sphaenca 0 0 229 90 0 234 193 214 215 

169 


biotm and inositol were increased 10 fold over those employed in earlier 
work (2). 

Nine kinds of medium were prepared for testing the growth-factor re- 
quirements of each fungus as follows: no addition of vitamins, addition of 
six vitamins, addition of six vitamins plus Wilson’s liver concentrate (or 
peptone for some molds) 0.5 gm. per liter, and single omissions of each of 
the six vitamins (table 1). The yeasts were cultivated in liquid media. For 
the molds, gel-substrates were obtained by addition of 1.5 per cent purified 
agar to the liquid media. The agar was purified by prolonged extraction of 
1 pound of agar shreds in 12 liters of 5 per cent aqueous pyridine. The 
leached agar was then washed twice with several liters of ethyl alcohol, and 
finally boiled in 10 liters of alcohol for 12 hours. After filtering in a 
Buchner funnel, the material was dried in large crystallizing dishes at 60° G. 
Essentially this same method has been employed by Robbins and Ma (3) for 
cleaning agar to be used in vitamin studies. 


In a few experiments, silica gel was employed as a semi-solid substrate. 
This part of the work was performed in our laboratory by Mr. E. H. Tryon, 
who found certain deficiencies in Cytospora sp., Fames annosuSy hudi Gor'yne 
sarcoides with this method. The technique has been discussed recently in 
connection with cultivation of algae (4) and would seem to offer distinct 
advantages for cultivation of fungi in defined media. 

All the media were adjusted to about pH 5.0 and sterilization was effected 
in an autoclave operated at fifteen pounds pressure for fifteen minutes. Yeast 


1943] 


BURKHOLDER AND MOYER: VITAMIN DEPICIENCTES 


375 


inoculum was prepared by transferring a small amount of stock culture into 
5 ml. of sterile basal medium free of all vitamins. After thorough mixing to 
obtain a uniform suspension of organisms, a loopful 4 mm. in diameter was 
used to inoculate each culture tube containing 5 ml. of one of the tlesignated ^ 
kinds of media. Duplicate sets of media were employed for each kind of 
fungus. Growth of yeasts was allowed to proceed for 72 hours at approxi- 
mately 25° C. Growth was estimated tiirbidimetrieally with a Klett i)lH)to- 
electric colorimeter. 

The media for cultivation of molds were inoculated with very small, 
amounts of mycelium or with spores transferred on a platinum wire from 
stock cultures grown on nutrient agar. The growth period varied from tiiree 
to six weeks, depending upon the rate of development of the mold. Subcul- 
tures were made in sets of deficient media to check furtiun* upon vitamin re- 
quirements and to reduce the amounts of vitamins which may have been 
carried over with the inoculum. Growth of the molds was observed by <lirect 
examination. 

A summary of the growth responses of thirty-three strains of yeasts is 
presented in table 1. The code number under each species name in the table 
refers to the number in the culture collection from which the yeasts were 
derived. 

Five strains of Candida albicans appeared to be completely deficient for 
biotin, and partially deficient for thiamine. These strains were isolated 
originally from poultry or from human hosts. The strain 475 of C, albicans 
isolated from man appears to possess deficiency for some unidentified factor. 
Fair growth occurred only in the medium containing liver concentrate. The 
other species of Candida, with the apparent exception of G. chevalier i, were 
also deficient for biotin. Several of these showed partial deficiencies for 
thiamine, and C. zeylanoides gave indication of partial niacin deficiency. 

In the majority of yeasts biotin is a required growth factor. Next to 
biotin, vitamin Bi deficiency appears most frequently. Pichia behjica was 
found to require biotin, pyridoxine, and thiamine ; its growth was improved 
somewhat by addition of inositol. Saccharomyces bay anus re(]uired some 
accessory biotin and inositol for maximum growth. 8chizosaecharomi/ees 
pombe grew poorly with single omissions of biotin, iiantothenic acid, nico- 
tinic acid, and inositol. Tonilopsis sphaerica failed to grow in the absence 
of biotin or niacin and also showed partial deficiency for pantothenic acid. 

Candida deformans, Chalara my coderma, md Pichia Dombrowskii ap- 
pear to be deficient for thiamine but not for biotin. Candida chcvalien and 
Hansen%da suaveolens showed jio deficiency for any of the six vitamins, 
though much better growth of these species was obtained with liver supple- 
ment added to medium containing the six vitamins. Mycodcrma vini grew in 
medium containing liver concentrate but not in the synthetic media. 
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The essential growth factor requirements of seventeen fungi are shown 
in table 2. It appears from the results of our work and that of others that 


^ TABLE 2. Vitamin requirements of molds grown in synthetic medium containing 
purified agar or silica gel and varied supplemsnts of six vitamins j etc. 


Species 

Yitamiu requirements 

Growth in liver or 
peptone 

Eormodendron pedrosoi 

Deficient for thiamine 

Somewhat stimulated 

PMalopJiora verrucosa 

Deficient for thiamine 


SpoTotrichon scliencM 

Deficient for thiamine 

Not stimulated 

TricJwphyton acuminatum 

Partially deficient for 
thiamine 

Not stimulated 

T. faviforme 

Deficient for thiamine and 
inositol 

Stimulated 

T. mentagropliytes 

No deficiency observed 

Stimulated 

514 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

517 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

598 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

599 

r. mentagrophytes 

No deficiency observed 

Not stimulated 

607 

T. rubrum 

No deficiency observed 

Somewhat stimulated 

T. sulphureim 

Deficient for thiamine 

Not stimulated 

T. violaceum 

Deficient for thiamine 

Greatly stimulated 

Fomes annosus* 

Deficient for thiamine 

Coryne sarcoides^ 

Deficient for thiamine and 
biotin 


Cytospora sp."^ 

Deficient for thiamine 


Lensites hetulina 

Deficient for thiamine 



* Cultivated by E. H. Tryon in nutrient silica gel. 


the various species of Trichophyton differ in their vitamin requirements. The 
five strains of T. mentagrophytes and T. ruhrum seem to be able to grow 
well without the addition of any vitamins. Four other species of Tricho- 
phyton require thiamine, and T. faviforme appeared to be deficient for both 
thiamine and inositol. Robbins, Mackinnon and Ma (5) have recently found 
T. discoides to be deficient for thiamine, inositol, and pyridoxine. As indi- 
cated in table 2, the species of fungi which live in wood, Gytospora Bp.yFomes 
annosuSf and Lenzites hetulina are deficient for thiamine, while Coryne 
requires both thiamine and biotin. 

SUMMARY 

Vitamin requirements of thirty-three yeasts and seventeen molds, in- 
cluding some important pathogens in both groups, were studied in chemically 
defined media. Biotin and thiamine deficiencies occurred most commonly. 
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Deficiencies for pyridoxine, pantothenic acid, inositol, and nicotiiiie acid 
were found in several yeasts. 

Osborn Botanical Laboratory, Yale University 
New Haven, Connecticut 
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INFLUENCE OF TEMPERATURE ON THE INFECTION 
OF WHEAT BY THE POWDERY MILDEW 

ERYSIPHE GRAMINIS TRITICP 

Robertson Pratt 

Discovery and recognition of physiologically specialized forms in the 
powdery mildews (Neger 1902, Marchal 1902) similar to those then recog- 
nized in the rusts and smuts initiated an avid search for more examples of 
such specialization in this group of obligate ectoparasites. Consequently, 
papers describing new species or races or extending our knowledge of the 
host range of these fungi are numerous, while there is a relative dearth of 
literature concerning other phases of their physiology. The purpose of this 
investigation was to study quantitatively the effects of temperature, daily 
period of illumination, and of humidity upon the infection of wheat, Tri- 
iicum vulgar e, by the powdery mildew, Erysiphe gramims tritici. The pres- 
ent paper is concerned with the effects of temperature, 

METHODS 

Hanging drop cultures were employed for studies involving the fungus 
alone. For experiments involving mildew cultures on the host plant under 
controlled conditions, a thermostatic chamber (Trelease 1925) was employed. 
Uniform light was provided by a 1000-watt clear Mazda- C electric light lamp 
and a reflector. To exclude extraneous daylight the light assembly was sur- 
rounded by a truncated pyramid of galvanized iron that rested on the top of 
the incubation chamber. Between the lamp and the glass roof of the chamber 
wms a water screen 25 mm. deep flowing at a rate of approximately 3.2 liters 
per hour. To insure uniform quality and quantity of radiation, bulbs were 
discarded after 500 hours of service. Tests showed that mildew response and 
development were, as far as could be determined, identical throughout this 
period. 

Stock cultures of the mildew were maintained in the greenhouse at 
16°“-21° C, and experimental plants were iiioculated in the manner de- 
scribed by Trelease and Trelease (1928). Experimental plants were grown 
in mildew-free chambers or under bell jars, and all reasonable precautions 
were taken to avoid accidental inoculation. At the beginning of each experi- 
ment one-half of the plants were inoculated. The remainder were left in a 
mildew-free chamber in which conditions favorable for inildew development 
were maintained. If no infection appeared among the control plants within 

1 Tlxe work reported in this paper was done in the laboratory of Plant Physiology at 
Columbia University between 1931 and 1935. 
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five days, it was considered as reasonably certain that the whole set of plants 
was mildewdree at the start of the experiment At the temperature used 
(16°-21° C), mildew becomes abundant on an infected plant in from two- 
aiid-one-half to three-and-one-half days. These plants were then imxnilated 
and used for stock cultures of the fungus. All experimental plants were 
inoculated at about the same time of day (5:00-6: 00 p.m.), so that the 
photosynthetic and metabolic products within the plants would be as nearly 
uniform as possible at the time of inoculation in the different experimental 
sets. Yarwood (1934) has shown that clover leaves removed in the evening 
are more susceptible to Erysiphe than those removed in the morning. De- 
tailed methods and deviations from this general mode of procedure are noted 
under the experiments concerned. 

A virulent strain of mildew which had been maintained in the green- 
house for several years was used. It was not deemed necessary to make a 
single-spore isolation of the mildews, since very consistent and reproducible 
results were obtained in all experiments, indicating that if two or more 
strains of the fungus were present they were equally and similarly sensitive 
to the experimental conditions imposed upon them. In all experiments, Mar- 
quis, a Spring variety of wheat was used as the host. Plants were grown in 
ordinary loam in four-inch clay pots, about 50 plants in a pot, and were 
inoculated when the first leaf was fully expanded. 

RESULTS 

Table 1 and figure 1 show the effect of temperature upon mildew develop- 
ment on wheat plants exposed to twelve hours illumination daily. In all tem- 
perature experiments eight pots of plants (about 400 seedlings) were used 
and each experiment was duplicated. Thus the averages are for 16 sets of 
plants. High humidity was provided by hanging water-soaked towels around 
the inside of the incubation chamber. The data in table 1 indicate that the 
optimum temperature for mildew infection on wheat under the conditions 
of these experiments is about 20® C. Prom -2® to 15® C the rate of mildew 
growth increased rapidly and the effect of temperature on the relative rates 
of early and late stages of development was about the same (column 5), al- 
though the maximum virulence of infection at - 2® C was somewhat less than 
at higher temperatures (column 6). At the optimum temperature (20® €) 
the processes concerned with maturation and the formation of conidia pro- 
ceeded relatively about twice as rapidly as at the lower temperatures (column 
5). A slight further rise in temperature, however, while not appreciably 
altering the rate of early growth (column 2) exerted a relatively pronounced 
effect on the stages of development concerned with vegetative maturation 
(colnmn 5). At 30® G no macroscopic indications of infection were found. 
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TABLE 1. ^Efect of temperature iipon inauhation period (time reauired - 1.1 

delelopJnt of cSa 


( 1 ) 


Temp. 


~2°G 
+ 5°0 
10°C 
15°0 
20°C 
2S<^G 
30'^C 


(2) 

(3) 

(4) 

(5) 

Average 

meubation 

perioda 

Average 
time for 
appearance 
of eonidia 

Average 

maturation 

period*> 

Maturation Period 
Incubation 

17.5 days 
9.75 " 

6.25 “ 

3.25 " 

2.50 “ 

2.50 “ 

28.25 days 
16.00 “ 
10.00 “ 

5.25 " 

3.25 “ 

3.75 " 

10.75 days 

6.25 

3.75 

2.00 '' 

0.75 

1.25 '' 

0.614 

0.642 

0.600 

0.615 

0.300 

0.500 


( 6 ) 

Virulence 

of 

infection 

(approxi- 

mate) 

-H4 

-H-H-f 

+H++ 

UH-H- 


infeetioir® inoculation of the plants and the firstmaeroscopie signs' of 

'me required for appearance of first eonidia minus incubation period. 

to With many saprophytic and parasitic fungi, Erysiphe appears 

092 ?) .“laA mS 

for oennination nf t r species of rusts the maximum temperature 

r tiCrmination of teliospores is less than 30 ° C. High temperature mi<rht 

during or TfteT^^ ^ ^ deleterious effect upon the fungus either before, 

or after germination of the eonidia or by eausino- ehanfres in the 

porting tne parasite. These possibilities were examined. 

arge numbers of eonidia were used to determine the effect of tempera 
hro trthrJhuufT'”'™ “ *“!> Hanging drops containing from 

iVe Cat "ae “ 

the number of o.rml . a * ‘ The total number of spores and 

pri ™erin 1 ™rT 1 u ’'>'» ‘"“‘a “Mained ax. 

15 " to 20 " C Ilith ’ '^■ 1 * JT’ ■“‘“■mum germination occurred from 
S" CthUu! 1 i!a™“ation fell off abmptly. At 

iaoMte uarr,erT'r ■“ *“ “ loonrs. and the sUs 

granular and cS. W C .rr,?”*' 

will be referred to below Tt e ffi ^ u ^ temperature upon spore germination 

tion of wheatUo" c w« mfreUf u "“‘'f’* 

germination at that temnerat failure of spores to germinate, since 

- 2 ° C, where good infection occumd. magnitude as at 

panded were inoculated, m^aTr*^ ^ 

plants were transferred to a d. ^^ar intervals two pots of the inoculated 
30 " C. lEnnte^S P.» 1 * "“ainder were left at 

and numerous conidionhor ' appeared in two and a half days 

ns eonidiophores appeared a day later on the plmits at 20 " C, 
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but no signs of mildew appeared on those at 30'' C even after one week, ^iliero- 
scopic investigation of these leaves revealed no stages of mildew development 
beyond the production of germ tubes from thirty to forty microns in length. 
No penetration of the host tissue by the fungus could be found. It may be 
concluded from these experiments that exposure of wheat seedlings to a tem- 
perature of 30° C for the first five days of growth does not produce any 
change which seriously impairs their normal capacity for supporting mildew 



Fig. 1. Time required for development of mildew infection on wheat plants at different 
temperatures. 


(table 2). In another experiment, plants were growm at 20° C until the first 
leaf was expanded. Then the plants were inoculated. Half the pots were kept 
at that temperature, while the remainder were removed to a thirty-degree 
chamber. Each morning and evening (8:30 a.m. and 6:30 p.m.) thereafter, 
two pots from each set were exchanged — -i.e., two from the lower temperature 
were removed to the thirty-degree chamber and vice versa. The results aie 
presented in table 2. 

Two-and-one-half days after inoculation the plants contiiiuously at the 
lower temperature from the start had minute patches of mycelium on them 
and one-and-one-half days later numerous conidiophores. Plants lelt at 20 G 
less than forty-eight hours before transference to 30° C sliowed no macro- 
scopic signs of infection after four to five-and-one-half days at the liigher 



382 


BULLETIN OP THE TORREY CLUB 


[VoL. TO 


TABLE 2. Effect of transferring plants grown at moderate and high temperatures 
to high and moderate temperatures, respectively, at regular intervals after inoculation 


Days at 
20° G 
afte^ 
inocu- 
lation 
0.0 
0.5 
1.0 

1.5 
2.0 

2.5 

3.0 

Days at 
30° G 
after 
inocu- 
lation 
0.0 
0.5 

1.0 , 

1.5 
2.0 

2.5 
3.0 


Development of mildew on plants grown at 20° G and transferred to 
30° G at regular intervals after inoculation 

No macroscopic signs of mildew on any of these plants after 5.5 days 

a a (( a a cc g q ic 

u ii a a (( a (( t c a 

it it a it it ti ct it 

Small white tufts of myeelia present after 

a a i( it it it ii 

and a few conidia after 


4.5 

4.0 

3.5 

3.0 

2.5 


Development of mildew on plants grown at 30'° 0 and transferred to 
20° G at regular intervals after inoculation 

Pew small mycelial patches present after 2.5 days, conidia after 3.5 days 
a a '‘a a a a 2.5 ^ ^ ^ ‘ a n 

3.0 , few conidia after 5.0 days 

No mildew development maeroscopieally apparent after 5.0 days 

ii ii ii a ti ii ii 

a ti it it it it 5Q 

ii ii ii it 5.0 


temperature. Those transferred after forty-eight or sixty hours had only 
minute white flecks after an additional eighty-four or seventy-two hours, 
respectively, at the higher temperature. These plants were then returned to 
the lower temperature, but no further development of the mildew occurred. 
Microscopic examination showed the hyphae to be shrunken and shriveled. 
Plants removed from 30^ to 20° C twelve hours after inoculation developed 
mycelial patches on their leaves two and a half days later or three days after 
inoculation. These plants never became so heavily infected as those at a fa- 
vorable temperature from the start. Evidently a few spores and germ tubes 
were capable of withstanding the high temperature for several hours and 
when they were placed in favorable conditions they established infection. 
Similarly, plants at 30° C for twenty-four hours after inoculation showed 
sparse myeelia three days later, or four days after inoculation. A few conidia 
appeared six days after inoculation. From these results it seems safe to con- 
clude that the harmful effect of high temperatures is primarily a direct one 
on the fungus and that the host plant is not directly involved. 

Figure 2 indicates the effect of temperature upon the germination of 
conidia in tap water. A net micrometer was used for counting, and only 
spores within a given area in the center of each drop were counted. This pre- 
caution reduced the error which might have arisen, from differential ex- 
posure of spores in different regions of the drop, if all spores in a given drop 
had been counted. The controls indicated that about 1.5 per cent of the spores 
in a drop might already have germinated at the time of mounting the prepa- 
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Fig. 2, Influence of temperature upon germination of powdery mildew spores after 
24 flours in tap water. Pig. 3. Influence of temperature upon growtfl of tfle germ tube 
of powdery mildew conidia iii tap water 48 flours. 


ration. Therefore germination percentages below this figure, i.e., 35^ C 
represent no germination at all. A comparison of figures 1 and 2 shows that 
infection does not occur over as wide a range as germination. This is due to 
failure of the parasite to penetrate into the host tissue at temperatures over 
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The hanging drop method of investigating spore germination has been 
subjected to adverse criticism by Duggar (1901), Doran (1922), and MeCal- 
laii and Wilcoxon (1932) . However, since large numbers of spores distributed 
in maify drops were used and since the figures obtained were easily repro- 
duced in later experiments under similar conditions, it seems reasonable to 
consider the data that are plotted in figure 2 reliable. 

Perhaps, as Brown (1922) has suggested, a more accurate measure of 
the early growth and development of a fungus is obtained from the average 
length of the germ tubes than from the percentage of germination. Figure 3, 
in which the average germ-tube length in microns after 48 hours is plotted 
against the temperature is intended to show the relation of temperature to 
the early growth of Erysiphe as indicated by this criterion. Spores were 
mounted in hanging drops of tap wuter and measurements were made forty- 
eight hours after mounting. After longer periods of time it was impossible 
to measure accurately the specimens at 15°, 20°, and 25° C. Mycelia of 
Erysiphe graminis regularly penetrate a susceptible wheat leaf in twenty- 
four to seventy-two hours depending on the temperature. These data show 
that by this criterion also the optimum temperature is 20° C and that as the 
temperature differed from that value the mildew growth decreased. The de- 
crease in growth was, however, far more abrupt above 20° C than below 
that point. The data plotted in figures 2 and 3 are essentially alike in that 
development drops off more abruptly above the optimum than below it. The 
germination curve, however, indicates a wider optimum range than the one 
for early growth of the fungus. 

SUMMARY 

A study was made of the effect of temperature upon the infection of wheat 
(TrUic'iim vulgar e) by the powdery mildew, Erysiphe graminis tritici. Under 
the conditions of the experiments (12 hours of illumination daily from a 1000 
watt Mazda lamp and high relative humidity) infection occurred from - 2° 
to 25° C. The optimum temperature for infection was 20° C. No macro- 
scopically visible signs of infection were observed above 25° C. 

Spores of the fungus suspended in tap water germinated readily from 
“2° to 30° C. The optimum temperature for the germination of spores and 
for growth of the young germ tubes was 20° C. 

Failure of wheat plants to become infected at 30° C was due to inability 
of the young fungus mycelium to tolerate the high temperature. 

University of California College of Pharmacy 
San Francisco, California 
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NOTES ON PLANTS OF THE PACIFIC ISLANDS— IIP 

F. E. Fosberg 

In this paper are presented taxonomic, nomenciatural, and distributional 
notes on plants from the Hawaiian Islands, the New Hebrides, and Christ- 
mas Island. New species, varieties, combinations, or names are proposed in 
AnectocMliis^ Gouldia, Timomm^ Coprosm,a, and Diihmctia, with general 
notes on Nephrolepis, Adianium, Lygodium, Azolla^ Cyperiis, PorPulaca^ 
Spergularia, Leticaenay Phaseohis, Abutilon^ Hibiscus^ Malachra, Ma%i- 
randya, Pitellia, Goiddiay Coprosma^ Borreria^ Richardiay Elephant opus ^ 
Pseudelephatitop’USf Ageratum, and Solidago. Herbarium abbreviations are 
BISH for Bishop Museum, F for Field Museum, A for Arnold Arboretum, 
D for Otto Degener private herbarium, HAEV for Harvard Botanical Mu- 
seum, US for IT. S. National Herbarium, and IJSNA for U. S. National 
Arboretum. 

POLYPOniACEAE 

Nephrolepis biserrata (Sw.) Schott. This is the fourth species of this 
genus to be found in the Hawaiian Islands. It was found growing on Oahu, 
probably indigenous, in a small pit in coral limestone on the Ewa Coral 
Plain, Jan. 12, 1936, Fosberg 128% (BISH) (det. E. C. Benedict) . 

Nephrolepis biserrata var. purcans Hort. This remarkably stable hor- 
ticultural variety has become established and forms a considerable colony 
around the abandoned settlement at the mouth of Wailau Valley, Molokai, 
Dec. 28, 1936, Fosberg 13453 (BISH) (det. E. C. Benedict) . 

Nephrolepis cordipolia (L.) PresL Although this species has been com- 
monly regarded by previous writers as introduced in the Hawaiian Islands, 
its frequent occurrence as a part of the undisturbed cloud forests of the 
mountain ranges, and its absence from the lowlands indicate that it is in all 
probability native. This fern was reported from the Hawaiian Islands by 
Edward Bailey in Hawaiian Ferns, 48 (1882). The following eolleetions 
(except Topping 3808) were kindly determined by E. C. Benedict. Lanai : 
Lanaihale ridge, Fosberg 12437 (BISH). Molokai: top of cliff at head of 
Wailau Valley, Fosberg 13368 (BISH). Oahu : Koolau Mts. : top of cliffs 
at head of Haiku Valley, Heeia, Fosberg 13870 (BISH) ; peak at head of 
Waiawa trail, Fosberg c6 Hosaka 13912 (BISH); main divide between 
Waikane Valley and AVaikakalaua Gulch, Fos&erp & Hosaka 13928 (BISH) ; 
main divide near top of Castle Trail, Kaipapau, Fosberg & Hosaka 13954 
(BISH) ; crest of mountains above Kaipapau Gulch, Fosberg & Egler 14227 
(BISH) ; Laie Trail, Kakawainuhlhiihi ridge, Laie, Fosberg 14235 (BISH, 
IJSNA) ; Mauka Laie, Gold Brick Hill, Topping 3808 (USNA) . 

^ See Bull. Torvey Club 65: G07-614. 1938; 67: 417-425. 1940. 
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KEY TO HAWAIIAN SPECIES OP NEPHROLEPIS 

A. Pinnules linear-lanceolate^ attenuate toward apex, frond flat. 

B. Rhacliis densely tawny or rusty woolly. W. MrsuMa (Porst.) Pres! 

(on the basis of Degener, Plora Hawaiiensis 17: NH, 9/9/ ’38 and of 
Topping ^70S (VmA)) 

BB. Eliacliis not densely woolly, somewhat scaly or scurfy. 

■ N, hiserrata (Sw.); Schott 

(form with apices of pinnules forked is var. /?/?mHa Hort.) 

AA. Pinnules oblong or oblong-lanceolate, acute to rounded at apex, 

0. Frond flat, narrow, 5 cm. or less wide, glossy above, pinnules oblong, 
rhachis densely covered with red-brown scales, stolons often tuberifer- 

ous Ah eonlifoVa (L.) Pres! 

CC. Frond trough-shaped, usually broader, rhachis thinly tawny scaly, 

stolons not tuberiferous .....N, rxaUata (L.) Behott 

Adiantum cuneatum Langscl. & Fiseli. Some of the Hawaiian materiai 
commonly referred to Adianhim capilhis-veneris L., regarded <is nati\'e in 
the islands, is to be referred to the introduced A. ciineatum, probably escaped 
from cultivation. Dr. W. R. Maxon informs me that a reliable key character 
for distinguishing the two is that in A. mneatiim veins of the sterile 
pinnules end in the sinuses between the teeth while in A. eapillus-iu/neri.^ 
they end at the apices of the teeth. Completely fertile specimens are often diffi- 
cult to determine. 

Hawaiian Islands: Hawaii: Hills above Akaka Falls, Honomu, Dee. 
8, 1933, Foslerg 10470 (BlSIi, USNA). Oahit: Carter Ranch, upper ]\Ian()a 
Valley, Honolulu, Sept. 26, 1932, Fosherg 8861 (BISH, USNA) ; Niu Val- 
ley, June 4, 1932, Topping 3532 (USNA) ; Honolulu, eultivated, April 1, 
1933, ^6^ (BISH, USNA). 

schieaeaceae 

Lygodium japonicum Sw. This climbing fern may he rei)orted as semi- 
established around an old garden at Puueo, Hilo, Hawaii, Aug. 6, 1936, 
U. 0. Foslerg (BISH). 

salviniacbae 

Azolla filiculoides Lam, This floating ivater fern appeared in tin* taro 
patches and irrigation ditches of Gahij about 1934, and soon became ex- 
tremely abundant. H. L. Lyon has told me that in 1926 he introdueed Azolla 
car olimana into the island's at the request of the mosquito abatement com- 
mittee. The latter plant evidently did not become establislied, though the one 
now common in the taro patches has been misidentified as that species. Ex- 
amination of fruiting specimens (Fosberg 13833) of the plant now in tiie 
islands shows that it is A, filiculoides ^ whkh has, among other characters, 
non-septate glochidia or barbed hairs on the microspore masses, rather than 
septate ones as in A. 

Hawaiian Islands : Oahu ; Honolulu, Waikiki, Fosberg 13815 (BISH); 
Honolulu, Manoa Valley, May 22, 19B7, Fosberg 13833 (BISH, T^SNA). 

orchidaoeae 

Anectochilus apiculatus L, 0. Williams and F. R. Fosberg, sp. hot. 
Herba pallide viridis; flos pallide flavo-^viridis, calcari extus non valde 
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geminato, mesochilo snbtiis laterale bidentato, anthero apieulato, mesochilo 
epicliiloqiie quam in A, sandvicenso valde brevior. 

Pale green herb with succulent ascending or subdecumbent stems up to 
25 am. lmg, 3-5 mm. thick, glabrous except the inflorescenee, prostrate and 
^ rooting at nodes in lower portion ; leaves ovate to elliptic-ovate, 5-8 cm. long, 
2.5-4 cm. wide, apex obtuse to acutish, base rounded to subcordate, narrowed 
to a distinct membranous petiole 3-10 mm. long, expande(^ and inflated be- 
low into an amplexicaul sheath about 1 cm. long on the petiolar side, 4 mm. 
long on the reverse, lamina membranous; spike 5-10 cm. long on a peduncle 
3-5 cm. long, uppermost 1 or 2 leaves reduced to bracts; flowers somewhat 
loosely arranged, subtended by ovate searious membranous bracts about 10 
mm. long, about as long as the ovary and enclosing it at base ; flowers pale 
yellowish green, about 12-15 mm. long, ovary lance-ovoid, about 10 mm. 
long, 1.5-2 mm. thick near base, apex subacuminate, tending to be incurved, 
dorsal sepal ovate, 4.5 mm. long, blunt and slightly cucullate at apex, lateral 
sepals 6 mm. long (over all), obliquely oblong-orbicular, obtuse, wuth base 
obliquely cordate, greatly enlarged on lower side, this basal lobe subsaccate, 
margins entire, texture membranous ; petals 4.5 mm. long, sublunate-ovate, 
bluntly subacuminate, membranous, margins erose ; lip 7.5 mm. long, with 
a short pouch-like spur 2 mm. long, enclosed by the bases of the sepals, spur 
scarcely geminate externally, divided within into two cavities by a longi- 
tudinal septum, each cavity containing a suberect finger-shaped callosity, 
mesochile 5 mm. long, about 1.5 mm. wide but inrolled into a tube, with 2 
forward-pointing pairs of sub-fleshy teeth about two thirds the distance from 
base on lower side of the mesochile, distal pair 0.75 mm. long, lower pair 0.5 
mm. long, epichile obcordate, 4 mm. wide, 2.5 mm. long, sinus 1.5 mm. deep, 
lobes rounded; column 2.5 mm. long; anther ovate, 3 mm. long, somewhat 
apiculate, twisted slightly to one side, brown with whitish margins, cymbi- 
form ; fruit fusiform, 1 cm. long, 3 mm. thick, green. 

Hawaiian Islands: Molokai: head of Wailau Valley, trail up Waiakea- 
kua-Waiokeela ridge, on steep ridge shaded in wet forest, alt. 750 m., Dec. 
27, 1936, FosUrg 13448 (HARV— type, USNA, BISH). 

This species may be distinguished from the commoner A. sandvicensis by 
its smaller, greenish rather than bright yellow flowers, lip with spur not con- 
spicuously geminate externally, with mesochile conspicuously shorter and 
with two pairs of subfleshy teeth on the lower side rather than many or no 
membranous ones, with epichile much shorter, and the anther apiculate 
rather than acute. 

A somewhat similar plant w-as found in wet woods in the mountains be- 
hind Hauula, Oahu, some years ago by Mr. H. Morley, but the specimen was 
unfortunately lost. 

caryophyllaceae 

Spergularia marina (L.) Griseb. Spic. FI. Eummel, et Bith. 1: 213. 
1843. Arenaria rudra (3 marina L. Sp, PL 423. 1753. Arenana marina Al- 
lioni, P. Pedem. 2: 114. 1785. Spergularia salina J. & C. Presl, PL Cech. 95. 
1819. 

The correct name for the plant referred by me to Spergidaria salina in a 
previous paper (Occ. Pap. Univ. Haw. 32 : 5. 1937) is S. marina. For fur- 
ther synonymy and discussion see Rossbach, Rhodora 42 : 123-137 (1940) . 
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MALVACEAE 

Malachra ALCEIFOLIA Jacq. Collect. 2 : 350. 1788; Ic, Rar. 3 : pL 6fIJ. 
1786-1793. Malachra rotundifoiia Sehrank, PL Ear. Hort. Mon. pL 56. 
1819. 

A coarse, hispid herbaceous perennial 0.5-2 ni. tall ; stems with elo.se stel- 
late pubescence as well as sparse long stiff hairs; leaves 7-10 cm. acoDss, 
roundish in general outline, shallowly 5-lobed, palmateJy veined, snbeordate, 
obtuse or acutish, irregularly serrate, somewhat pubescent on veins, petioles 
5-9 cm. long, closely stellate-pubescent; stipules filiform, about 15 niim long, 
sparsely hirsute; flowers yellow, in compact axillary clusters on peduncles 
up to 15 mm. long, these densely stellate-pubescent, clusters surrounded by 
3-4 broadly cordate bracts, these somewhat lobed, acute, sparsely liirsutl^ 
variegated ; flowers few in a cluster, calyx about 6 mm. long, tube white, 
striped with brown, lobes lanceolate, long-hirsute; corolla hairy 12-15 mm. 
long; stigmas irregular in shape, ovary 5-celled, ovules 1 in a cell ; fruit sub- 
globose, splitting into 5 parts, these 3 mm, long, larger distally, puberiileiit, 
light brown with darker reddish-brown veins, splitting open along the lower 
two thirds of the inner angle ; seeds dull sooty brown, same sha])e as carpel, 
free from carpel wall. 

Hawaiian Islands: Oahu: Kawailoa School, Waialua, Oct. 1936, A. 
Miyake (BISH, XJSNA). 

Pound growing in a vacant lot; a native of tropical America evidently 
recently introduced into Hawaii. 

SCROPHULARIACEAE 

Maurandya erubescens (Don) Gray. The plant usually called Man- 
randya scandens in the Hawaiian Islands, an introduced vine with densely 
pubescent leaves, has been identified by Dr, P. W. Pennell as M, erube^icem, 
a native of Mexico. The true M. scandens is a glabrous plant. 

Hawaiian Islands: Hawaii: Volcano Road near Naalehu, alt. 200 ni., 
Fosherg 10140 (BISH, USNA). Oahu : near H. S. P. A. Arboretum, Carter 
Ranch, Manoa Valley, Fosherg 8859 (BISH, USNA), Fosherg ct Dukcr 8910 
(BISH). 

acanthaceae 

Ruellia graecizans Backer, Brittonia 3 : 85. 1938. This plant has been 
called jB. amoena Nees and B. venfricosa Kunth, but neither of these names 
is valid. It is a small herbaceous species with dark green ovate to lanceolate 
leaves and horizontal tubular red flowers. It has become rather common as 
a garden weed in various parts of Honolulu and has been said to occur on 
Maui, but the Maui report is not substantiated by a specimen. I am indebted 
to Mr. E. C. Leonard for calling my attention to Backer's publication. 

Hawaiian Islands: Oahu : Honolulu, I4222a (BISII). 

■ rubiaceae’ ' 

Gouldia Gray. Since the publication of my revision of this Hawaiian 
genus (Bish. Mus. Bull. 147 : 1-82. 1937 ) the following observations have 
aceumulated, and a number of typographical errors have been detected, 
W'hich are here listed with corrections. 
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p. 4 — footnote — for 181 read 81 
p. 19 — line 23 — for 77 read 80 
p. 20— line 9 — for 58 read 62 
line 11 — for 62 read 58 
^ ® line 46 — for 58 read 61 

p, 21- — line 2 — for 82 read 97 
line 7— for 40 read 43 
p. 22 — line 45— for 82 read 83 
line 49 — for 81 read 82 
p.43— line 17— for 12782 read 12781 

p. 25— in the synonymy of Gouldia ierminalis insert Eedyoiis chamissoniana Steud. 
Nom. ed. 2, 1: 727, 1840. 

Gouldia on the island of Lanai : The recovery of the forests on the island 
of Lanai after almost complete destrnetioii by introduced gTazing animals 
(see Fosberg, Mid-Pacific Mag*. April~June 1936 : 119-123. 1936) has, in all 
probability, resulted in a forest of considerably different floristic composition 
from that originally existing there. However, there is no way^ of demonstrat- 
ing this conclusively, as we know little about the original forest. 

During a visit to Lanai in 1935 I made rather extensive collections of 
Gouldia^ making a particular search for the several varieties known from 
earlier eolleetions. It was thought that a search especially for Gouldia should 
easily reveal all varieties which had turned up previously in more general 
collecting. 

Complete identification of the specimens collected on this trip has shown 
that some varieties are very rare, while one was not found at all. G. temi- 
naUs var. pseudodichotoma was represented only by Fosherg 12411; G. ter- 
mimlis var. lanai only by Fosherg 12579; G. ierminalis var. sub cor data by 
three collections, Fosherg 12599, 12412, and 12606. Fosherg 12502 seems to 
be a hybrid, G. terminalis Ydir. siibeordata x var. psendodichotoma, and 
Fosherg 12572 another, G. ierminalis var. suhcordata x var. hoheoides. G. 
ierminalis var. hoheoides was not represented at all in the collection except- 
ing possibly as one parent of this latter hybrid and one mentioned below. 
The above collections all came from the gulches, in sheltered localities. 

The plants from the ridges and summits, where Gouldia was quite abun- 
dant, were, with the exception of one collection, all Gouldia st.-johnii var. 
mnnroi or hybrids between this and varieties of G. terminalis. AU collections 
of G. st.-johnii var. munroi numbering fourteen, came from ridges and sum- 
mits, where some grew in much-exposed places. It is one of the really abun- 
dant plants in the scrub forest that is revegetating these ridges. Whether in 
the original forest this distribution was characteristic, or whether G. st.- 
johnii is a very aggressive plant and especially able to colonize denuded 
areas is difficult to know^ Unfortunately we have a very incomplete picture 
of the original forest covering of Lanai. It should be remembered that G. st.- 
johnii var. typica, of Oahu, is a plant of exposed ridges and summits. 

Of hybrids involving G. st.-johnii var. munroi two were represented by 
one collection each and were found in gulches only. These 'were G. st.-johnii 
var. munroi X te^miinaUs var. hoheoides (f), Fosherg 12495, dJid G. st.-johnii 
var. miinroix ierminalis var. lanai, Fosherg 12584. G. st.-johnii var. munroi 
xtermmalis var. pseudodichotoma is represented by four collections, nos. 
12398, 12373, 12484, and 12594. The first three w^ere on ridges, the last in a 
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gulch bottom. 0. st.-johnii var. mimroixterjnmalis siibeordata is rei)re- 
seiited by Foslerg 12477 and 12482, both from ridges. 

A set of all the above collections is deposited in the Bishop Museum. 

One collection, from a rather dry ridge, proves to be the followiiigo previ- 
ously described form of G. terminalis var. ovata: 

Gouldia TEBMINALIS var. OVATA f . obovata Posberg, f . nov. Arbor glabra, 
ramulis angulatis ; folia obovata coriacea; thyrsus hemisphaerieus, })e<Iuiu-u- 
lis suberosis. 

Tree up to 3 m. tall, branchlets strongly angled, internodes 0.5-2 cm. 
long, mostly about 1 cm., branches appearing dichotomous througli tlie death 
of terminal inflorescences and development of a pair of branches from the 
basal node ; leaves obovate, up to 6 cm. long and 3 cm. wide, coriaceous, apex 
obtuse to rounded, base strongly and abruptly contracted, obtuse to roinided, 
margin revolute, petiole up to 1 cm. long, about 1 inm. thick ; stipules strongly 
carinate; thyrse hemisperical, up to 4 cm. long and 3 cm. wide, peduncle 
corky in fruit; flowers not known; fruit less fleshy than usual in this genus. 

Hawaiian Islands: Lanai: ridge below Puu Aalii, between Alaunalei 
and Hauula drainages, rather dry forest, alt. 800 m., Nov. 30, 1935, Faslx nj 
(USNA— TYPE, BISH). 

Ditfers from f. eiwvata in the smaller, plane, broadly obovate leaves, 
rounded or obtuse at both ends. This form extends the distribution of var, 
ovata to Lanai, where it seems logical that it should be found. 

Gouldia terminalis var. ovata f. santalifolia Posberg. ]\raterial col- 
lected by Degener, no. 125221) (D, USNA), from southeast ridge of lao Val- 
ley, west Maui, Hawaiian Islands, gives this form a somewhat broader dis- 
tribution than known formerly. Heretofore, on Maui it has only been found 
in Olowalu Valley. The leaves of this collection are somewhat broader than is 
usual in this form, and not folded. 

Degener's no. contained two sheets of f. santalifolia, several sheets 

of G, termmalis var. cordata f. eucordata, and a considerable number of 
sheets of a form that seems to be a hybrid between them. The latter is so 
distinetive in appearance that, had not the two presumed ])arents been 
present, I should probably have described it as a new form of var. ovata. 
It is glabrous, with angled long branchlets as in var. cordata, oblong to 
elliptic leaves and small spherical thyrses as in f. santalifolia, these' appear- 
ing very compact, The node at the base of the thyrse, in many specimens, 
gives rise to two leafy branches, a character not common in the parents but 
suggesting var, of Lanai. 

Gouldia terminalis var. farvula f. impressa Posberg, f. nov. Arbor, 
ramulis non valde condensatis; folia oblonga vel obovata, obtusa, subtus 
pilosa. 

Tree 15 feet tail, trunk 8 inches thick, branchlets strongly Inrtellous, not 
strongly reduced, internodes 5-10 mm. long even in terminal portions ; leaves 
oblong to obovate, up to 3.5 (rarely 5) cm. long, 2 (rarely 2.5) cm. wide, 
usually about half that size, obtuse or rounded at both ends, blade conspicu- 
ously pilose beneath, veins strongly impre^ed above, petiole 2-5 mm. long, 
glabrous." 
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Hawaiian Islands: Maui (east): Palikii, Haleakala; Aug. 5, 1939, 
Degener 12521 (D— type). 

This form seems intermediate between f. euparvifolia and f. siclpilosa, 
having the abundant pubescence and smaller leaves of the former, and the 
open habit of the latter, and differs from both in having both the apex and 
base of the leaves obtuse or rounded. 

Gouldia terminalis var. pubescens x var. parvipolta f . impressa. Like f . 
impressa but branchlets pubescent, internodes more elongate, leaves larger, 
more pubescent beneath. 

Hawaiian Islands : Maui (east) : Paliku, Haleakala, Degener 12526 (D, 
USNA). : ■ _ 

This is probably the correct disposition of this collection. The petioles 
are a trifle long for either parent. Perhaps a form of var. ovaia mdcj be in- 
volved, but none is known from this vicinity. Satisfactory disposal of the 
Gouldias from Maui awaits an opportunity for a careful field survey and 
extensive collecting. 

Gouldia terminalis var. kapuaensis f . violetae Posberg, f. nov. Eamuli 
rigidi teretes, minute hirtelli ; folia oblanceolata vel anguste elliptica, obtusa 
vel acuta, eoriacea, subtus hirtella ; thyrsus hirtellus ; hypanthium hirtellum. 

Shrub 1.5 m. tall, branchlets stiff almost to the tips, terete, minutely 
hizTellous ; leaves oblaneeolate to narrowly elliptical, up to 10 cm. long, 3 cm. 
wide, apex obtuse to subacute, coriaceous, hirtellous beneath, especially on 
the midrib, margin closely revolute, petiole up to 14 mm. long, about 1 mm. 
thick; thyrse about 2 cm. long, hirtellous ; hypanthium somewhat hirtellous. 

Hawaiian Islands : Hawaii *. Kau, between west and east arms of the 
1907 flow, on dry lava, Aug. 10, 1936, T. 0. 49 (BISH — -type). 

Much like f . pittosporoides but very hairy and differing somewhat in leaf 
shape and slightly longer petiole. Named for the collector, Violet 0. Fosberg. 

Gouldia terminalis var. macrocarpa f. cuneata Fosberg. Degener ’s 
collection cited below contains material with relatively large, somewhat 
obovate leaves 5-7 cm. long and 2.5-3.5 cm. wide, with the midribs hirtellous 
beneath, and also specimens with small oblong, somewhat revolute leaves, 
not so hirtellous, 3-4 cm. long, 1.5-2 cm. wide. These could scarcely have 
come from the same tree. The larger-leafed specimen corresponds well with 
f, cuneata^ though the leaf bases are scarcely cuneate. This is a marked ex- 
tension of the range of this form, known previously only from the plateau 
and western slope of the mountain of Kauai. 

The small-leafed portion of this collection might be placed in f. sclero- 
pJiylla, though the leaves are too thin and mostly too pubescent. It seems 
more likely, because of the restricted known distribution of f. sclerophylla 
and the discrepancies in leaf thickness and pubescence, that it is a hybrid 
between var. macrocarpa f. cuneata and var. osteocarpa, which latter is 
Imown to be widespread at low elevations on Kauai. The small-leafed plant is 
in flower while the large-leafed one has fruits which are enlarged because of 
insect attack. 

Hawaiian Islands: Kauai : Kalualea, Koloa, alt. 1500 ft., Degener & 
Ordonez 12645a (large-leafed) 126451 (small-leafed) (D, USNA). 
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Gouldia hillebrandii var. nodosa Posberg. Two Degeiier speciinoiis, 
collected near Mt. Eke, Maui, Hawaiian Islands, July 2, 1927, have tlie 
thyrses glabrous or almost so and seem in almost every other respect to fit 
var. nodosa rather than var. typica. One of them has'tlie budding tiiyrses 
below the leaves, the other is in fruit. With the exception of the position of 
the inflorescences, a rather weak character, they match v^r. nodosa and may 
be regarded as extending the range of this variety to Maui. 

Timonius kajewskii (Guill.) Posberg, comb. nov. Guettarda kajnvskii 
Guillaumin, J our. Arnold Arb. 13 : 6. 193A 

This species, described from flowering material from the New Hebrides, 
Aneityum, Kajewski 724 (A— type, US), was known to its author in flower 
only. Another specimen, Kajewski 826 (A, US), collected at the same local- 
ity, referred to Guettarda sp. by Guillaumin, is vegetatively identical, but 
bears peduncles with single fruits subtended by 2 vestigial bracts. The purple 
fruits are cylindrical, somewhat compressed, and with the apex prolonged to 
a point. They have the 12 cells sclerified, arranged in two parallel rows and 
fused into a ribbed stone. There seems little doubt that this plant is a fruit- 
ing specimen of Guillaumin ’s species, and that it should be referred to the 
genus Timonius, where its nearest relative is T. smithii Posberg of Fiji (see 
Posberg, Sargentia 1 : 121. 1942). 

COPROSMA Porst. 

Oliver’s key (Bish. Mus. Bui. 132 : 28. 1935) separates C. elliptica from 
the C. montana group by the following contrast of characters : 


Leaves with few secondary nerves, under 20 mm. long... 0, elliptica. 

Leaves penninerved ; over 20 mm. long .......Group of C. montana^ 


Although this will correctly separate the majority of specimens, my col- 
lections of C. mantana var. crassa, nos. 9940 and 9977 (BISH), both from 
the upper part of Haleakala, Maui, Hawaiian Islands, and even a collec- 
tion of 0. ochracea YSiV. typica^ no. 10036 (BISH, USNA) from Pun Kiikui, 
Maui, have such small leaves and few nerves that they would go into C. ellip- 
Uca, which they do not resemble. The following supplementary key will sepa- 


rate these small-leaf ed forms : 

intimate branchlets 1-1.5 mm. thick. C. elliptica. 

Ultimate hr anchlets 2 mm. or more thick, stiff. 

Pubescence short, inconspicuous G, Tnontana var. crasaa. 

Pub esceirce hirsute, dense 0. ochracca var. typica. 


Copbosma ELLIPTICA Oliver. A collection made in Alakai Swamp, Kauai, 
Hawaiian Islands, Fosberg U764 (BISH, USNA) has the pubescence much 
more sparse than, according to Oliver description, the species ordinarily 
shows. 

Copbosma PUBENS var. typica Oliver. This variety seems to^be mueb 
more variable than Oliver ^s discussion (Bish, Mus. Bnl. 128: 171, 1935) 
would indicate. Of a series of collections from the Haiku Uka Trail, l\Iakawao 
Dist., Maui, Fosberg 9847 (BISH, USNA) has leaves with blades 35-60 mm. 
long, fruiting peduncles up to 20 mm. long, bearing either 1 or 3 clusters 
of orange colored fruits; Fosberg 9881 (BISH, USNA) has even smaller 
leaves, and peduncles tending to be slightly compound, fruits globose, 5-6 
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mm. across, orange; Fosherg 9851 (BISH, IT SNA) has peduncles up to 30 
mm. long, rarely compound, when simple having an articulation part way 
up bearing a small stipular sheath. 

CdPROSMA longifolia Gray var. longifolia (Gray) Fosherg, nom. nov. 
Coprosma longifolia Gray, Proe. Am. Acad. 4: 48. 1860. 

This is the typical element of the species as described by Gray and re- 
stricted by Oliver (Bish. Mus. Bull. 132: 177-179. 1935). It is common in 
the wetter regions of both mountain ranges on Oahu. 

Coprosma longifolia Gray var. oppositifolia Fosberg, var. nov. Folia 
opposita, flos staminatus tubo corollae exserto lobis subaequalis 2-3 mm. 
longis, antheribus 4 mm. longis. 

Leaves opposite, elliptic-lanceolate; stipular sheath 3-5 mm. long, ap- 
pressed-hirtellous near base, with lobes 2-4 mm. long, somewhat acuminate, 
ciliate, glandular-denticulate; peduncle of stamiiiate inflorescence 3-5 mm. 
long, bracts elliptic or ovate, corolla of staminate flowers funnelform, tube 
definitely exserted, strongly contracted below the expanded throat, tube plus 
throat 5-6 mm. long, lobes 6, subequal, 2-3 mm. long, bluntly lanceolate; 
anthers 6-8, linear-oblong, apiculate, lobed at base, 4 mm. long; pistillate 
flowers and fruit unavailable. 

Hawaiian Islands: Oahu: Waianae Mts., Makaha-Waianae Kai, Puu 
Kawiwi-Puu Kaala ridge, in wet forest, alt. 1150 m., March 31, 1935, Foslerg 
(USNA — TYPE, Bish, A, F). 

This variety differs most conspicuously from var. longifolia in its opposite 
leaves, definitely exserted corolla tube, much longer corolla throat and 
shorter peduncle and stipular sheath. From the other opposite leafed mem- 
ber of this group, C. molokaiensis St. John, this variety differs in its longer 
peduncles, the equally 6-lobed, rather than bilabiate, corollas, and shorter 
anthers. The slightly hirtellous stipules suggest a possibility of hybridization 
between C. longifolia axid C. ockracea var. haalae, recalling Oliver’s sugges- 
tion (Bish. Mus. Bull. 132: 175. 1935) for (7. molokaiensis. The evidence at 
hand does not justify a suggestion of such an origin for this variety, but the 
presence of the two possible parents in the vicinity of the type locality gives 
reason to look into the matter at some future time. 

Borreria leavis (Lam.) Griseb. This weed, which is now widespread 
in the tropical Pacific, is becoming common in the Hawaiian Islands. It is a 
low plant with pectinate stipules and terminal and axillary densely capitate 
vertieels of small white or pinkish flowers. The fruits are 2-celled capsules, 
both cells of which are ventrally and apically dehiscent, leaving a sub-per- 
sistent septum. In each cell is a single oblong, brown, transversely rugulose 
seed. 

Hawaiian Islands.* Oahu: Maunawili, Kailua, Fosherg^ Storey, & 
Oliveira 10T72 (BISH, USNA) ; 'Woodlawn, Manoa, Honolulu, Foslerg 
14111 (BISH, USNA) ; Manoa Valley, Honolulu, Fosherg 10587 (BISH) ; 
University Campus, Manoa, Honolulu, 10528 (BISH, USNA). 

Hichardia brasiliensis (Moq.) Gomez. The plant common in the 
Hawaiian Islands which is usually referred to Bichardia scalra L. or Bich- 
ardsonia scalra (L.) St. Hil. really belongs to B. Irasiliensis. This species 
Avas mentioned as occurring in the Hawaiian Islands by Schumann (in 
Bugler & Prantl, Die Nat. Pflanzenf. IV, 4: 139. 1891). Examination of 
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fruits of the common Hawaiian weed shows that the nutlets have the ventral 
face excavated and the general outline heart-shaped. R, scahra has cyhiulri- 
eal fruits with an almost closed ventral groove. 

Hawaiian Islands : Kauai : Milolii Kidge, 'Waimea, alt. 2000 ft., John, 
FosUrg & Oliveira 1J7J9 

COMPOSITAE 

Elephantopus mollis HBK. According to Dr. S. P. Blake, tlie plant 
from Kauai referred to E. tomentosus in my paper of 1937 (Occ. Pap, rniv. 
Haw. 32 : 9, 1937) really belongs to E. mollis, a native of tropical America 
that is widespread in tropical regions as a weed. 

Pseudelephantopus SPIGATUS (Juss.) Rohr. The plant called in the 
same ipaper Elephantopus spicatus Juss. is, according to Dr. Blake, better 
regarded as belonging to the genus Psetcdelephmtopus, distm<>:iiished by tiie 
spicate arrangement of the heads and the peculiarly curved, rather than 
straight, lateral pappus awns. 

Ageratum houstonianum Mill. This garden plant was twice collected 
growing spontaneously near Honolulu. It may be distinguished from the 
common A. eong^oides L. by its larger heads and lance-linear, densely hairy, 
rather than oblong, sparingly hairy or glabrous involucral bracts. 

Hawaiian Islands: Oahu : Nuuanu Valley, June 6, 1937, Posbcrg 14004 
(BISH) ; Manoa Valley, Woodlawn, May 22, 19Z1, Fosberg 1H8J5 (BISII) ; 
Honolulu, cultivated, (BISH). 

SoLiDAGO ALTissiMA L. The golden-rod which has escaped from gardens 
in Nuuanu and Manoa Valleys, Honolulu, has been identified by Dr. S. F. 
Blake as this species. 

Hawaiian Islands: Oahu: Honolulu, Nuuanu Valiev, Dowsett Tract, 
Oct. 10, 1936, FosUrg 1J294 A). 

Dubautia sherffiana Posberg, sp. nov. , Frutex ad 0.5 m. altus; foliis 
alternis, elliptico-lanceGlatis • paniculis corymbosis congestis glandulo-pubes- 
centibus; capitulis 6-7 mm. altis, floribus 3-4 exsertis 5-meris, achenis sub- 
glabris prismatieis 2.5-3 mm. longis valde costatis, ad basin angustatis. 

Shrub 0.5 m. tall, branchlets cylindric, gray, hispidulous, with alternate 
leaves J mm. or less apart, persistent only in the upper 10 cm. of the branch- 
let; leaves elliptic-lanceolate, 6-7 cm. long, 1-1.5 cm. wide, acute at a])ex 
ancl base, coriaceous, subsessile, appearing glabrous but minutely scabrous 
on margins, slightly so on under surface, becoming hispidulous toward base, 
margins somewhat revolute, remotely serrulate in distal half, at broadest 
part obscurely 11-nerved, nerves occasionally anastomosing to form an ir- 
regular and incomplete longitudinal reticulation, the petioliform base ap- 
pressed to stem for about 2 mm. ; inflorescence a crowded terminal corymbose 
panicle rounded or flattish on top, densely spreading-pubescent and with 
sparse short gland-tipped hairs, the rhachis up to 5 cm, long, terminating 
in perfect specimens in a reduced head, or this lacking, panicle branches up 
to 6— 7 cm. long, scattered on the rhachis, subtended by leafy bracts similar 
to the leaves but greatly reduced, secondary branches subtended by still 
smaller bracts, on these branches the sessile heads glomerate at the apices, 
with a few scattered ones further down or with several very small bramdies 
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ending in small glomerules, each head closely si^htended by a small densely 
eiliate somewhat ventrieose bract; glomerules mostly with 3-6 heads, these 
6-7 mm. high, about 2-3 mm. wide above, wdth 3-4 strongly exserted florets; 
involucre of 3-4 coherent or slightly connate bracts, narrowly cylmdrie^ 
campannlate, 3-4 mm. high, 1-1.5 mm. thick at apex, often splitting with the 
development of the aehenes, externally giandnlar, the free tips densely 
eiliate, involucral bracts euneate, the low triangular free portion usually 
with 1 or 2 small lateral teeth ; corolla apparently y ello wish- white, 5-lobed, 
tube about 1-1.2 mm. long, throat abruptly enlarged and campanulate near 
middle, about 1.7-2 mm. long, lobes ovate, strongly recurved, at least in age, 
1-1.3 mm, long; anther tube straw^'-colored, about 1.3 nmi. long, partly or 
completely exserted, the terminal appendages ovate ; aehenes prismatic, ^5-3 
mm. long, 0.5-0.6 mm. thick at apex, tapering to base, about 8-ribbed (some 
ribs very prominent, others less so, sometimes 1 or 2 obscure), dark gray, 
very sparsely pilosulose toward apex, surface slightly roughened ; pappus 
of a single series of about 25 plumose aristae 2.5-3 mm. long, united at ex- 
treme base, brownish- white. 

Hawaiian Islands : (3 ahu : Waianae Mts., hrushy ridge east of 2nd gnlch 
east of Kaupakuhale, Mokuleia, Oct. 23, 1932, St. John <& Fosherg 12161 
(USNA— type). “Great Crater, Hawaii,^’ TJ, 8 . Explormg Expedition (US) 
(part, vide infra). 

Named for Dr. E. E. Sherff of Chicago, monographer of Dtihantia and 
BmlUardia. 

This species is so abundantly distinct that it is difficult to relate it to any 
particular known species. It belongs with the group called by Gray, and later 
by Sherff, section Nervosae of the genus RmlUardia, which genus has been 
reduced to Dtilautiahj Keck (Oee. Pap. Bish. Mus. 11: (19) : 24-28. 1936). 
In Sherff’s treatment of Bailliardia (Bish. Mus. Bull. 135: 106-136. 1935) 
D. keys nearest B. lonchophyllor Bherff [Dtihautia lonchophylla 

(Sherffi) Keck], which it does not resemble, or to R. reticulata Sherff [Ptu 
hautia reticulata (Sherff ) Keck] , but differs from the latter in having alter- 
nate snbglabrous leaves, instead of opposite white-hispid ones, sessile, much 
shorter, fewer-flowered heads, practically glabrous instead of white-hispid 
aehenes, and other less important characters. D. reticulata is knowm only from 
Maui. 

Sherff credits only two species of Bailliardia to Oahu — B. scahra [Dii- 
haiitia scahra] of which I can find no citation of a specimen and R. linearis 
[D. linearis] of which one U. S. Exploring Expedition collection from Kaala 
is cited. Of these, D. linearis comes closest to D. sherffiana but differs in hav- 
ing its leaves narrower, only 3- to 5-nerved, and ternate instead of alternate; 
heads usually pedicellate instead of sessile, with 4-8 florets instead of 3-4 
and pubescent involucres. Although Sherff says that the florets of B. limans 
are included, examination of all of the material in the IT. S. National Her- 
barium shows that they become quite well exserted when reasonably mature. 
In small size the heads of D. sherffiana are approached only by those of D. 
linearis, and this may probably be its closest relative, thongh this is by no 
means a final decision. I have not seen the Oahu specimens of D. linearis cited 
by Sherff, but assume that they are correctly placed. On one sheet of the 
U. S. Exploring Expedition material (US) said to be from “Great Crater, 
Hawaii’’ are 2 twigs. One is typical D. while the other has alternate, 
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niucli larger, 7-nerved lanceolate leaves, and mostly sessile, only slightly 
puberiilent involucres. It undoubtedly belongs in b. skerffiamh' mu] may 
well have come from Oahu, as the localities on the U. S. Exploring Expedi- 
tion specimens were often woefully confused. 

CHRISTMAS ISLAND 

A number of species may be added to the known flora of Christmas Island 
on the basis of my collections made there in August 1936. The following are 
not ill Christophersen’s annotated list (Bish. Mus, Bull. 44: 22-27, 1927). 
All except Ahutilon indiciim and possibly Fortulaca fosbergii appear to he 
introduced. 

Cyperus rotundus L. a small colony in the village, London, Fosherg 
(BISH). 

PoRTULACA FOSBERGII Voii Poellii. Paris, Fosherg 13269 (BISH, USNA) 
(det. H. St. John). This species seems intermediate between P. olirae^a L. 
and P. hiiea Sol. Further study of living material is needed to determine 
its position in relation to these two species. 

Leucaena GLAUCA (L.) Beiith. honidion, Fosherg 12171, 13249 (BISH). 

Phaseolus lathyroides L. Paris, Fosherg 13269 (BISH, FSNA). 

Abutilon indicum Sweet. This shrub forms a conspicuous part of the 
vegetation near Pour Brothers, Fosherg 13215 (BISH, USNA). The s])ecieH 
has previously been reported only from Jarvis and Baker Islands in the 
central Pacific. It is common in tropical Asia. 

Hibiscus tiliaceus L. Paris, Fosherg 13267 (BISH). Probably planted. 

Palls Church, Virginia 
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ANOTHER DRIFTLESS AREA ENDEMIC 

m 

Norman C. Fassett 

CoMMELiNA ERECTA L. var. Greenei Fassett, var. nov., foliis 10~15 cm. 
longis 6-8 mm. latis; spatheis maturis 1.5-2.7 cm. longis basi longe albido- 
villosis. Wisconsin: on sand derived from crumbling sandstone, Cactus 
Bliiif, 5 miles southwest of Sauk City, Sauk County, August 27, 1940, /. T. 
Curtis & H. C. Greene (type in Herb. Univ. of Wisconsin) ; same station, 
July 7, 1941, L, H, SMnmrs S993; same station, September 28, 1942, A- C. 
Fassett cfe H. C. Greene 22056. 

This Driftless Area endemic (see Fassett, Rhodora 33: 227, 228. 1931) 
has the size and proportions of var. Deamiana (Fernald, Rhodora 42: 435- 
441. 1940) but differs in having long jointed white hairs on the spathe. 
Thus it bears the same morphological relation to var. Deamiana that f. 
intercursa Fernald does to var. typica, and that f. crispa (Wooton) Fernald 
does to var. angustifoUa (Michx.) Fernald, It may, therefore, seem illogical 
to treat it as a variety when its counterparts are treated (and rightly) as 
forms. The reason is that while f. intercursa occurs as a sporadic variation 
throughout the range of var. typica^ and f . crispa in like manner throughout 
the range of var. angustifoUa^ var. Greenei occupies a different area from 
that occupied by var. Deamiana. The latter occurs primarily in a limited 
range in northern Indiana^ and northern Illinois, and has spathes always 
lacking white hairs more than 1 mm. long, as is evidenced by Fernald ’s state- 
ment based on his examination of the 16 collections cited by him, and corro- 
borated by my own examination of the 16 sheets of this variety in the Deam 
Herbarium and the 6 in the Herbarium of the University of Wisconsin. That 
the plant of Cactus Bluff, isolated by some 200 miles from var. Deamiana^ 
consistently has whitewillous spathes is indicated by study of the 3 collec- 
tions cited above; the last consists of 8 fruiting tops (all that could be 
found) collected for the purpose of studying the colony as a whole rather 
than a few individuals taken at random. 

Var. Greenei occurs in very small numbers; Dr. Greene and I were able 
to find only 8 individuals. Such occurrence of rarities in extremely small 
numbers is quite characteristic of this part of Sauk County, which lies just 
within the Driftless Area. Only a few rods from the Comm elina^ on the 
steep face of Cactus Bluff, are a few individuals of Pellaea ntropier pur eUy 
known elsewhere in Wisconsin from two other bluffs, one a mile away and 

^Mr. Deam has kindly loaned me his material of this group; the C. angustifoUa of 
his Plora of Indiana (see pp. 285, 286, and Map 592) breaks clearly, in light of Fer- 
luild’s treatment, into C. erecta var. typica in southern Indiana and var. Demniana in 
northwestern Indiana. 


398 



1943] 


FASSETT : DRIPTLESS AREA ENDEMIC 


■399 


tlie other 10 miles to the northwest. P. airopitrpxirea, primarily a southern 
plant isolated in the Driftless Area, occurs only in very small mnubchs, hut - 
F. glahella (Butters, Am. Fern Jour. 7: 77-87. 1917), its common northern 
relative, is on nearly every cliff in southern Wisconsin (Tryoii ct al. Tiie 
ferns and fern allies of Wisconsin, 23, 24. 1940). Mill Bluff, a mile and a 
half north of Cactus Bluff, was the type station for Aconifu))} novehontceiiHc 
var. qicasiciliat'um (Bassett, Rhodora 31: 49. 1929), where a very few indi- 
viduals were seen (it is likely that it is extinct there now, since the woods 
shading the bluff have been cut). Fifteen miles to the northeast is Partrey’s 
Glen, where probably not more than a dozen individuals of the Aeon Hutu 
cling* to the moist shady walls of a ravine. Thirty miles northward, at Wis- 
consin J)AhyB]iodode7idron lappoivicum grows on cliffs along the Wi>sconsin 
River, at the only known station west of the Adirondack Mountains and 
south of Hudson Bay; it is doubtful if there are a score of individual plants 
at this place and their existence is menaced by the fact that the cliff on 
whose edge they grow is being cut back by the river faster than the newly 
exposed surfaces can be recoloiiized. 

Surely many of the specialties of the Driftless Area are on the very 
brink of extinction. 

Department op Botany, University op Wisconsin 
Madison, Wisconsin 
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SUPPLEMENTARY NOTES ON AMERICAN 
MENISPERMACEAE— III 

B. A. Krukoff and H. N. Moldenke 

New collections of tke Menispermaceae, largely from Amazonian Brazil 
and Surinam, have recently become available to us. The Amazonian speci- 
mens were largely obtained in the municipality Sao Gabriel, State of 
Amazonas, on the tributaries of the upper Rio Negro, which are poorly 
known (to say the least) botanically. The collections were found to be of 
considerable interest and are discussed in the present paper. They extend 
our knowledge of certain species previously known from incomplete mate- 
rial j extensions of ranges are noted for a number of species, and three species 
are described as new. No changes in the nomenclature are necessitated, 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers 
(1, 2, 3, 4). The following new abbreviation is used: 

U : Georgetown Botanic Gardens at Georgetown, British Guiana. 

CHONDODENDRON RUIZ & PAVON 

2. CHONDODENDRON PLATiPHYLLUM (A. St. Hil.) Miers. Additional speci- 
mens examined: photos #34502 and 34501, 

As is evident from the labels {photo #34502), two specimens appear to 
be mounted on a single sheet, one collected by Casaretto in virgin forest in 
the State of Minas Geraes, and another collected by Richard near Rio de 
Janeiro. 

Without the actual specimen we are unable to ascertain whether 

or not photo #34501 is of the type of Cocctdus f cinerascens A. St. Hil. The 
speeimen was collected by Saint-Hilaire in forests near Rio de Janeiro. 

3. CHONDODENDRON TOMENTOSUM Ruiz & Pav. Additional specimens ex- 
amined: Peru, Ecuador, or Brazil, collector undesignated 3, 10. Ecuador — 
Napo-Pastaza : basin of Rio Pastaza, Gill 12363/6. 

On the labels of collector undesignated 3 and 10 it is stated 'collected 
by Squibb ^s collector somewhere in Amazonian South America. Said to be a 
constituent of curare arrow-poison.” 

4. CHONDODENDRON CANDiCANs (L. C. Rich.) BsLiidw. Additional Speci- 
mens e^xamined: British Guiana— Essequibo : basin of Issororo River, Jen- 
man 5199 (U), Surinam — near Sectie 0, on railroad Paramaribo-Darn, 
Krukoff 12305, 12335. 

It is satisfactory to have new collections of this species from Surinam. 
The species was known to us from Surinam only from the type collection 
oi Ahita f Fullei. 

400 
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5. Chondodendron limaciifolium (Diels) Moldenke. Additional specie 
mens examined: Brazil — Amazonas: basin of the upper Solim()e>> Frocs 
12090, 12092, 12093, 12095. 

7. Chondodendron toxicoperum (Wedd.) Krukoff & iMoldeiike. Addi- 
tional speemens examined: Brazil — Amazonas: basin of tlie u])|)er 
moes, f Froes 12087. 

SCIADOTENIA MIERS 

3. SCIADOTENIA SOLIMOESANA Moldeiike. Additional specimens examined: 
Brazil — Amazonas, basin of the upper Solimoes, Froes 12094. 

This is the third collection of the species known to us. 

ANOMOSPERMUM MIERS 

1. Anomospermum Schomburgkii Miers. Additumal speedmens ex^fm- 
British Guiana — Essequibo r Jewmaii 1333 (U) ; basin of jMazaruni 

Kiver, Jenman 2454 (U) ; Berbice: basin of Corentyne River, Jen man 
102 (U). 

2. Anomospermum Dielsianum Moldenke . Acldith ^^^^^ specimens exam - 
ined : Brazil— Amazonas : basin of the upper Rio Negro, Froes 12167 . 

This is the first record of the species from the basin {>1* Rio Negro 
(Corocoro on Rio Vaupes). It has been knowui hitherto only from the type 
collection from the basin of the upper Solimoes. 

6. Anomospermum chloranthum Diels. Additional specimens exam- 
ined: Brazil — Amazonas: basin of the upper Rio Negro, Froes 12il3. 

This is the first record of the species from the basin of Rio Negro (Yuco 
on Rio Xie). The vspecimens are more pubescent than any of the previously 
examined and cited material. 

7. Anomospermum sp. nov. Additional specimens examined: Brazil — 
Amazonas : basin of the upper Solimoes, Froes 12151. 

In a previous paper (1) w^e have given a description of a plant which 
presumably has never previously been described or named, but liave not 
assigned a specific name to it in view of lack of flowers or fruits. The ])resent 
collection is again sterile and from the same region as the two previous 
collections. 

8. Anomospermum bolivianum Krukoff & Moldenke. Additional speci- 
mens examined: Brazil — Amazonas: basin of the upper Rio Negro, Froes 
12407. 

This sterile specimen matches very well the type collection of the species. 
It has been obtained in an old clearing on /‘terra firma^’ near Cncui. 

9. Anomospermum hirsutum Krukoff & Moldenke, sp, nov. Prutex 
scandens; ramulis gracilibus dense hirsutis, pilis pateutibus fulvis; petiolis 
gracilibus dense fiilvo-hirsutis; laminis foliorum eoriaceis late elliptieis 
argute acutis vel breviter acuminatis et saepe plusminus apieulatis integris 
subrevolutis, ad basim acutis indistinete 3-pli-nerviis, supra glabr is n i t i- 
disque, subtus plusminus fulvo-hirsutis; costa venisque primariis secun- 
dariisque supra valde impressis, subtus argutiuscule prominentibus j reticulo 
venulorum copiosissimo perspicuo. 
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A woody vine; branclilets slender, densely hirsute' on protected parts 
with siyreading fulvous hairs 1-2 mm. long*,, less so , or even glabreseent on 
tlie internodes; petioles slender, 2.5-3.8 cm. long*, densely fulvous-hirsute, 
the uppermost 1 cm. swollen and usually more or less curved; leaf -blades 
coriaceous, uniformly bright-green on both surfaces or more shiny above, 
broadly elliptic, 7.5-16:5 cm. long, 2.5-6.8 cm. wide, sharply acute or short- 
acuminate and often more or less apiculate at apex, entire and slightly revo- 
lute along the margins in drying, acute at base, glabrous and shiny above, 
more or less fiilvous-liirsute beneath, especially along the midrib and larger 
venation, indistinctly 3-pli-nerved from the base, the main pair of veins not 
very dissimilar to the 3 or 4 pairs of secondaries and confluent with them in 
many loops 6-8 mm. from the margins; midrib, principal veins, and sec- 
ondaries rather deeply impressed above, sharply prominent beneath; the 
tertiaries prominulous in shallow grooves above, prominent beneath; veinlet 
reticulation very abundant and conspicuous under a hand-lens, fine, promin- 
iilous on both surfaces; only staminate flowers seen; pedicels subtended by 
2 minute scale-like triangular-ovate to lanceolate bractlets, which are about 
1 mm. long, carnose-thiekened at base, acute at apex, hirsute on the back, 
and easily separable; sepals 6, imbricate, the 3 outer ones minute, resem- 
bling the bractlet, unequal, triangular-ovate, about 1.5 mm. long and 1 mm. 
wide, subacute at apex, sparsely hirsute dorsally and hirsute-ciliate on 
margins, earnose-thickened at base, easily separable, the 3 inner ones very 
much larger, broadly elliptic or suborbicular, narrowed and somewhat claw- 
like at base, rounded at apex, cucullate with indexed margins, subequal, 
about 5 mm. long and 4 mm. wide, extremely carnose dorsally, glabrous, 
easily separable; petals 6, much smaller than the inner sepals, obpyramoid, 
about 2 mm. long and almost as wide, extremely carnose, the margins greatly 
indexed, closely pressed together with the 6 stamens, forming a glabrous 
truncated ^^pseudodisk’’; stamens 6, indexed, when not extended equalling 
the petals and opposite them; filaments subterete or somewhat flattened, 
free, glabrous; anthers facing down and subhorizontal, dehiscing by short 
longitudinal slits; pistillate infructescences axillary, compound, to 9 cm. 
long, usually shorter than the subtending leaf, with about 3-12 fruiting- 
pedieels; peduncles obsolete ; rachis slender, densely spreading fulvous-hir- 
sute like the petioles and branchlets; bractlets linear, about 5 mm. long, 
densely fulvous-hirsute, one subtending each pedicel; pedicels slender, 1.3- 
1,8 cm. long, sparsely hirsute, 1-3-fruited, expanded-eapitate at apex; 
mature fruits asymmetric, about 2.8 cm. long and 1.2-1.4 cm. wide, the exo- 
carp slightly fleshy, glabrous, shiny, wrinkled in drying; mesocarp , thin; 
endocarp hard and bony, smooth outside, elevated-reticulate within. 

Type; Diicke 753 (N), collected June 14, 1941, near d^Manaos, Estrada 
do Paredao, silva secundaria non inundabili.” 

The species is unique and is immediately distinguished from all other 
known species of the genus Anomospermum a^H well as of the genera Ahuta, 
Chondodendron^ Elissarrhena and Teliioxicum by its hirsute leaves. 

Specimens examined: Brazil — Amazonas: basin of Bio Negro, Dueke 
753 (N, type) ; Frees 12408, 

telitoxicum moldenke 

3. Telitoxicum inopinatum Moldenke. Additional specimens examined: 
British Guiana — ^Berbice: basin of Eberoabo Biver, HohenMrJc 55 fIJ — iso- 
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type) ; Weruiii-Ituni Savannahs, Abraham 132 (U) ; basin of Courantvne 

HoJienktrh 714 

ABUTA BARRERE 

2. Abuta obovata Diels. A.dditioncil speci}uc}ii> exafuiued : Beazil- 

Amazonas: basin of Eio Negro, Froes 12379, 12543, 12563, 

The species is now known both from the upper and the lower Rio Negro. * 

6. Abuta panurensis Eichl. Additional specimens examined: BRAziii— 
Amazonas : basin of the upper Rio Negro, Froes 12414. 

The species has been known hitherto only from the type collection. The 
present collection is from ''restinga'’ near Yuco on Rio Xie, inmiieipality 
Sao Gabriel. 

8. Abuta IMENE (Mart.) Fiielol. Additional specimens examined: Brazil 
—Amazonas: basin of the upper Solimoes, Froes 12156; basin of the u])per 
Rio Negro, Froes 12477. 

11. Abuta GRANDiPOLiA (Mart.) Additional specimens 

Venezuela— Amazonas : basin of Rio Negro, Froes 12387; Ducke 691. 
Brazil — Amazonas: basin of Rio Tonantins, Froes 12164, 12232. Surinam: 
near Sectie 0, on railroad Paramaribo-Dam, Krukoff 12296, 12324. 

This is the first record of the species from the basin of Rio Tonantins. 

14. Abuta rupescens Aubl. Additional specimens examined: Brazil— 
Amazonas: basin of the upper Solimoes, Proe.-? 12088, 12089, 12091; basin 
of Rio Negro, Ducke 861. French Guiana: AuMet s.n. (?tvpe; photo 
#34499). 

The Brazilian specimens are the first record of the species from the basin 
of Rio Solimoes. 

15. Abuta barbata Miers. Additional specimens examined: Surinam: 
near Sectie 0, on railroad Paramaribo-Dam, Krukoff 12325. 

16. Abuta Grisebachii Triana & Planch. Additional specimens exa^yu 
ined: Brazil — ^Amazonas: basin of the Rio Negro, Froes 12434; Ducke 822. 

20. Abuta negroensis Krukoff & Moldenke, sp. nov. h^rutex seandens; 
ramis crassiusculis adpresso-pubescentibus vel glabrescentibus ; ramulis 
gracilibus densissime velutino-pubeseentibus, pilis brevibus brunneis; cica- 
trieibus perelevatis ; petiolis crassis firmis ad basim ampliatis, dense velutino- 
pubescentibus ; laminis f oliorum coriaeeis ovatis aeuminatis integris, ad 
basim acutis vel paullo obtuseque subacuminatis, supra glabris nitidisque, 
subtus dense velutino-tomentosis, pinnato-venosis. 

A woody vine j branches rather stout, about 1.5 cm. in diameter, ap- 
pressed-pubescent or glabrescent in age* branchlets slender, very densely 
velutinous-piibescent with short brown hairs; leaf -scars large and corky, 
very prominently elevated on sterigmata about 5 mm. long ; petioles stout, 
firm, 13-24 cm. long, ampliate at base, thickened and eurvate for the upper 
1.5-k cm., densely velutinous-pubescent like the branchlets, the pubesetmee 
eventually wearing off ; leaf -blades coriaceous, ovate, 25-37 cm, long, 14.5-20 
cm. wide, acuminate at apex, entire, acute or very slightly obtuse-acuminate 
at base, glabrous and shiny above, densely velutinous-tomentose beneath 
with short, appressed, brownish hairs, piniiately veined ; midrib stout, im- 
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pressed and often appressed-piibescent above, very prominent beneath; 
secondaries >sleiider, 8-10 per side, regularly ascending, arcuate near the 
margins,, usually not plainly anastomosing, impressed above, very prominent 
ben^th; tertiaries slender, numerous, joining the secondaries, issuing at 
right angles, siibparallel, slightly impressed above, prominent beneath - vein- 
let rethmlation abundant and regular, forming very fine meshes visible 
iinder a hand-lens ; flowers and fruit not known. 

TYm: Froes 12423 (N), collected Dec. 19, 1941, near Santa Ana, on Rio 
I^^ana, basin of the upper Rio Negro, State of Amazonas, Brazil. 

The species is unique and is immediately distinguished from all other 
known species of the genera Chondodendron^ Sciadoienia, Anomospermum, 
Ahuta, Elmarrhena, and Teliioxiciim by the combination of the following 
characters : leaf-blades woolly beneath and distinctly pinnate-veined (not 
pli-nerved I) . The only other known species of American menispermaceous 
plants which have the leaf -blades woolly beneath are Ahuta GrisehacMi, 
A])uta CandoUiij Ahuta splendida^ Sciadotenia paraensis, Bciadotenia Sago- 
tiana, species of Chondodendron, and leaves of all of these are pli- 
nerved. 

All known species of Chondodendron are characterized by the matted 
indumentum whereas the leaves in our species are tomentose. Because of the 
absence of flowers, we cannot suggest its immediate relatives. It seems best 
placed in the genus Aluta. 

21. Abuta Froesii Krukoff & Moldenke, sp. nov. Frutex scandens ; ramis 
ramulisque gracilibus glabris nitidis ; cicatricibus magnis elevatis circulari- 
biis suberosis; petiolis gracillimis glabris; laminis foliorum firme chartaeeis 
elliptieis integris, ad apiceum rotundatis et cuspidato-acuminatis, ad basim 
rotundatis vel acutis, utrinque glabris pernitidisque, 5-pli-nerviis. 

A woody vine ; branches and branchlets slender, glabrous, shiny ; lenti- 
cels usually prominent; leaf -scars large and elevated, corky, circular; peti- 
oles very slender, 2.5-7 cm. long, glabrous, somewhat ampliate at base, the 
uppermost 5 mm. thickened and curved ; leaf -blades firmly chartaceous, uni- 
formly colored on both surfaces, elliptic, 5.5-15.5 cm. long, 3-8 cm. wide, 
rounded to a short cuspidate-acuminate apex, entire, rounded or acute at 
base, glabrous and very shiny on both surfaces, 5-pli-nerved from the base; 
midrib and primary veins very slender, plane above, sharply prominent 
beneath; the lower pair of primary veins not as prominent as the upper pair, 
closely paralleling the leaf -margin half way to its apex, the upper pair not 
very arcuate, ascending almost to the apex, not anastomosing with the other 
pair nor wdth the secondaries; secondaries 1 or 2 pairs, in the ripper half 
of the leaf, areuately looped, not reaching the margins, anastomosing ; ter- 
tiaries and veinlet reticulation obscure above, only the larger portions sub- 
promiiiulous beneath; flowers not seen; pistillate infructescenees supra- 
axillary; peduncles stout, about 1 cm. long, subgiabrous, surmounted by a 
large club-like receptacle, bearing (normally) three fruits; fruit asymmetric, 
3-8.5 cm. long, 2-2.5 cm. wide, glabrous; exocarp hard and bony; mesoearp 
woody; endocarp thin, smooth and shiny, not corrugated. 

Type: Froes 12346 (N), collected Jan, 31, 1942, on/Herra firma’’ near 
Maeubeta on Rio Marie, basin of the upper Rio Negro. 

The species resembles Ahuta hr evifolia from which it differs, however, 
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in its much larger fruits with the glabrous exoearp, much longer petioles, 
and larger leaves. 

Specimens examined: Brazil— Amazonas : basin of Eio Negro, Froes 
12436; basin of Rio Solimoes, Froes 12168, 12180. 

elissarrhena miers 

1. Elissarrhena grandipolia (Biehl.) Diels. Additwml specimens ex- 
amined: Brazil — ^Amazonas: basin of the upper Solimoes, Froes 12084. 

The New York Botanical Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?— II 
Leon Croizat 

The reader who has so far followed this discussion is aware by now of the 
sad plight of much nomenclature in our midst, and knows a few of the dis- 
ruptive interpretations and peculiar ideas bearing upon the typie trinomial. 
This reader will agree, it may be believed, that a sane and constructive 
approach to the all-important problem of typification is impossible so long 
as the fundamentals in the issue are flouted, and the discussion wanders in, 
a maze of pompous and ill-digested generalities. Sharp and precise 'biological 
concepts such as necessarily underlie good classificatimi cannot forever 
Speak the language of fancif ul nomenclature, nor can the facts be concealed 
and disguised. It is no longer a question of names that are being published 
on occasion and prove untenable on account of some technical violation of 
the Rules, but of a whole deeply-rooted trend of unsound thought and hap- 
hazard practice, ultimately based on a lack of familiarity with the subject. 
The hair-splitting and the abuse of imagination which have characterized 
the work of some recent writers on nomenclature have damaged, no doubt, 
the cause of the serious student who is well aware that quibbling and wild 
hypothecating are as obnoxious in the long run as ignorance and neglect. 
At bottom, the Rules of Nomenclature are not a pack of cavil, the plaything 
of a few devotees, or the Book of Merlin. They are a labor-saving device in 
the first place, making it possible for everybody to speak briefly and to the 
point on subjects of common interest. Properly expounded, they are as easy 
to read and to understand as the rules governing any current card game. 
In a very definite sense, they must become a live reality to every botanist. 

The fallacies surrounding the trinomial ty pious, its nature and use, have 
no reason to exist, because this trinomial has nothing in it which is mysteri- 
ous or difficult once its fundamentals are grasped. Rather than discuss these 
fundamentals in the abstract, I will deal with them by examples and plain 
considerations. 

As an introduction, we may consider the followdng formula: 

1 + X = 2; X = 2-l; X=l. 

Half a line of symbols and figures written in a matter of seconds speak 
an amount of truth which, put into words, would require considerable time 
and paper. The formula given above summarily states the following : A cer- 
tain figure, conventionally designated by the symbol x, meaning a quantity 
unknown, when added to 1 yields 2. To find this figure transfer to the right 
of the symbol of equality the figure 1, changing its value from positive to 
negative, leaving x in its original position to the left of the sign of equality. 
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The result of the subtraction (2-1) eventually yields 1, whieli is the value 
of X. . ■ , 

Precisely like mathematics, botany speaks in symbols and formulae, wit- 
ness this: Hydnastele Kasesa (Laut.) Burret, comb. hoy. - Ft jjchosptniia 
Kasesa Laut. in Engl. Bot. Jalirb. 45: 357. 1911. By the use of tliis formula, 
Burret (Notizbl. Bot. Gart. Berlin 13: 484. 1937) tells his coworkers the fob - 
lowing : '^In a periodical called Engler's Botanische Jahrbucher, Volume 45, 
page 357, printed in 1911, Lauterbach has validly and legitimately ]>ub- 
lished a certain species which he has designated as Ptijelioapcrma Kasesa. 

I, Burret, having investigated the creation of Lauterbach, found iu it cliarar- 
ters wdiich assimilate it to the species in the genus Eydriastde. Ac('ordiugly, 

I have brought Lauterbach ’s species away from Ptychosperma under Hydri- 
astele. of course, is my owm, Burret’s, understanding of the matter."' 

Obviously, it may not be doubted that botany, too, is ruled by a spedal 
kind of symbolic and abbreviated language. Nomenclatiire is essentially that 
branch of botany Avhich is concerned with the proper use of siic'h a language. 
The usefulness and nobility of nomenclature cannot be disput(*d or denied, 
for wvithout it the use of this expeditious language would be impossib}(‘. 
Without this language, Burret would have been obliged to state its story in 
detail, that is, wmuld have been forced back to the polynomial stage of botany 
and possibly farther still, to the age of Theophrastus and Pliny. 

Let us now suppose that a taxonomist, J. Brown, is faced w'ith the task of 
writing dowui the following account : In 1900 J. Doe published as Plant a una 
an entity wdth a glabrous body and blue flowers. In 1905, P. Smith found a 
pubescent annual with blue flowers which he judged to be eonspecific with 
P. una and published it trinomially, either as a subspecies or as a variety, 
as P. una pilosa. Five years later, in 1910, C- Black collected a pubesctmt 
herb w-dth white flowers which he proposed as a form, P. una alhi flora. Lastly, 
in 1915, N. Toe collected a glabrous herb with white flowers wluch he pub- 
lished as a form calling it P. %cna leucantha. 

Using the standard language of botany, J. Brown has a free choice 
between two manners of expressing this long-drawm account. He can do this ; 

Planta una J . Doe, 1900. 

K una (subsp., var.) pilosa P. Smitli, 1905. 

Kuna t. leucantha n. Toe, 1915. P. una f. alUfiora C, .Black, 1910; 

or this : 

Planta una J . Doe 1900 

P. (subsp., var.) typica l. Brown, 1942. P. una (subsp., var.) pilosa P. Smith, 1905. 

P. una f. leucantha 1^. Toe, ^ P. una f. alhfftora G.BUek, 1910. 

It -will readily be seen that, while the two accounts substantially afrree 
in the facts they reveal, the latter is in every respect better balanced. The 
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species itself is conceived as a broad unit, including both kind of plants, gla- 
brous and pubescent, of which the glabrous entity is considered to be typical 
in the iiomenclatiiral if not in the biological sense. The form leucantha 
spoken of as P. una aw*, typica t leucantha is immediately known to be gla- 
brous, therefore to belong to a complex other than the form aVbiflora. 

» trinomfal neatly balances the trinomial pilosa^ and a comparison be- 

tween the type-specimens of the two can be effected without calling into 
question a binomial (P. %ma) and a trinomial (P. %ina pilosa) which may 
engender confusion. In brief: the segregation of the trinomial tppicus has 
nothing about it Avhich is mysterious, involved and philosophical ,* it is merely 
a book-keeping deAuce which has for its result to simplify and elucidate the 
treatment of iiwolved and much subdivided entities. This device is sprung 
into action by the simple expedient of publishing a trinomial (subspecies, 
A^ariety or form) which is based upon the same type-specimen as the next 
higher unit ; P. una and P. %ina var. -typica being both based upon J. Doe 482) 
a specimen collected — let us say — ^near Washington, D. C., in 1899. 

Some Avorkers who are not familiar with this elementary device believe 
that P. una and P. %ma var. typica are synonyms, because — they say — ^ ‘both 
these names apply to the same plant, This is a patent fallacy ; to be synony- 
mous (see Art. 16) two names must have the same circumscription (that is, 
be based upon specimens of the same significance and value in classification^), 
position (that is, be both under the same genus, species, variety, and the 
like), and rank (that is, be both genera, species, subspecies, A’^arieties, or the 
like). It is clear that P. una md P. una var. typica cannot be synonyms, 
because they are short of two out of three elements required for a synonymy ; 
they have the same circumscription^ true enough, because they are both 

2 The term circumscription^ etymologically considered, means to ‘ ^ write in ^ ^ or to 
delineate around, and is used by botanists in tw^o senses, as follows: (a) To refer to 
groups in general. Accordingly, we hear that, for instance, ^ ^ Exceedingly narrow circum- 
scriptions were under stood by Ratinesque to form good genera. (b) To define the 
taxonomic range of a specimen, as it were, thus: ‘‘J. Doe 415 and T. Brown 11 are collec- 
tions with the same eircumseription. ^ ^ It will readily be seen that the etymology of the 
term itself is compatible with these two different uses, and that both, consequently, are 
correct. However, the Rules speak of circumscription in the second sense only in the text 
of Art. 16. Users of the Buies should be careful not to understand the language of the 
Articles in the sense which is often colloquially current. A classic example of the con- 
fusion that results from misunderstanding the Buies in this manner, is Wheeler ^s con- 
tention (Contr. Gray Herb. 127: 53. 1939) that Watson published Bernardia 0) fasci- 
cidata as a nomeji provisorium because he said that this name wms ^ ^ . . . only provisionally 
referred to Bernardia.'^ ^ That this notion is fantastic can readily be seen, considering 
that if Wheeler were correct every name published with an expression of doubt as to its 
true position or ultimate destination would be invalid. A nomen provisorium in the sense 
of the Rules (see Croizat, Jour. Arnold Arbor. 21: 499. 1940; 22: 137. 1941; Bull. Torrey 
Club 69; 454. 1942) is a very different thing. The rules must be read for what they are 
and must be used accordingly; no one should apply a monkey-wrench fitting the gear of a 
truck to the threads and screws of a fine microscope, for common sense forbids it. 
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based upon the very same specimen, but they do not have the same position 
(P. una stands under genus Flanta while P. %ma var. typka stands under 
species P. una), nor the same rank (P. ima is a species, P. una var. typica a 
variety). 

The objection is sometimes heard that all these subtle distinctions among 
circumscriptions, positions, ranks and the like are quibbles, and that a bota- - 
nist cannot be expected to waste his time nor to live by the codes of a lawyer. 
This objection must be buried once for all, for it sins against elementary 
reason. The difference between a competent and an incompetent worker is in 
the fact that the former has taken pains to learn to use all the instruments 
of his craft; meeting a difficulty, a straight-thinking student masters it onet^ 
for all, and does not complain about it forever. The Treasury of the United 
States also makes some distinction between scraps of paper of the same size, 
texture and color, paying one-tenth as much for some of them, dejiending 
upon the fact that on these scraps the figure 1 is followed by one zero rather 
than by two. Strange to say, the supercilious and overbusy workers who dis- 
miss circumscriptions, positions, and ranks with a sweeping and hopeless 
gesture of their hands are well informed of the ‘‘quibbles’’ of the Treasury, 
and never fail to exact their pound of flesh in good bills, squeezing the last 
drop of blood out of the Treasury’s “legal notions.” It is not very clear why 
these workers should dismiss as nonsense what the Rules of Nomenclature 
say, when, after all, they use taxonomic names fully as fre(iuently as they 
do cash. True, profound treatises can be written about the conceptual back- 
ground of X in mathematics, the theory of double entry in bookkeeping, the 
philosophy of the bad bridge player or of the shrewd “plunger” on the stock 
market, and about the nature of iypicus. However, the average taxonomist 
has no need of all this literature to ply his trade well and intelligently. All 
that matters to him is to have a good grasp of the possibilities of the tri- 
nomial epithet typicus and of the brand of calisthenics which this epithet 
performs in actual use. It stands to reason that taxonomists who deal with 
complex entities or make a rigorous study of populations and variations need 
to use the trinomial typicus, and actually use it (see, for instam^*, St. John 
& Hosaka, Oce. Pap. Bishop Mus. 14: 120. 1938 ; Clausen, Keck & Iliesey, 
Carnegie Inst. Wash. Publ. 520. 1940), while taxonomists who are fortunate 
enough to labor upon floras continuously yielding new species and ])ossibly 
new genera have no feeling for this trinomial. The point is not that these are 
wise and those foolish, or the other way around. The point is, rather, that the 
practical necessities of the branch of taxonomy which these botanists serve 
call into play cliff erent means and methods, some playing the strings, others 
the brasses, in the orchestra of Flora, That all botanists should understand 
the needs of all botanists and be able on occasion to use all their tools is to 
be believed as a matter of It is none the less plain that since typicus 
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1 ! ? f to complicate matters, those who whin it in+ 

troth of decorative generalities and ill-digested abstractions do not f nP ^ 
the middle of the road where alone common sense dwells. 

A fallacy commonly heard about typicus is that this trinomial is a 
name. To begin with, this is denied by the Rules, for whenever thev « T 

• «' « “■■«* name- Irt 6 IlT, 

69), they refer to entities of the same rank that ^ 

a ‘‘new name;’ because an old and untenable binomial faXrt 
htiieiic illegitimate name is replaced by another gen'eric tenable unit^^^ ^ 
designation, and the like. The Rules know better thL to sLal V 
being given a binomial as a “new name.” The Rii1p« l- ^ ^ tonoinial 

fact that to confuse ranks means to open the door to sueh'emortas Imw 

ently TlluttrateRL^t!^^^^^^^^^^ S'one'T”* ^t ^ 

pi.blfehed Maim,: oreomm (in Dc: ProdriT(?i:“e4 '1861^11°“ 

ending the specific description with the desio'nation of ' + ' )_ ‘''’hbout 

the same time, however he nublished +„ a type-specimen. At 

3 noccosus, ttTifving tL form ^ trinomials « ochraeeo-aUms and 

latter b.y o’ne^ii 

nated by the letter a iBa fnii ^ i ^ ii^oiBials the former, desi^- 

recoj^d ,'n jr.vlt Irer'l,”"'"*! ■“ ““ 

seneralcbaraetersoi fruit, flomr and 

subdivisions of this entitv fiha • common to the 

mdumentum at h lea^ ^ “^^ure of their 

as typie of the speis af a Zo^'nT ^eing accepted by him 

in the biological one It should not o^^ sense, not necessarily 

well informed taxonomist ^ the ir' V " ^ 

two, for they are manifestly three namdy • Q^a f treatment are 
whitish-pubescent to glabrescent i’n^fW f;r^ • ^ aggregate of forms, 
their characters (M. oreophilus) ■ ( 9 \ « ■ ™ balance of 

definitely whitish-pubescent Ic ’ +w ^^division of this aggregate with 
ting ouU morphoR^ Mueller’s opinion set- 

cilhidus) ' (3) a subdivisinn n +u ' t^co^Raphieal complex (a ocJiraceo- 
Miaee e i.cA.“) a ' 1 the pr,redi„B one but gl.brescent in its 

be.rin,‘up„rn,f"fc ‘»t«. »* t„. that 

albtdits, it stands to reason that tl • unlike that of a ocJiraceo- 

name” for the binoiuiaTTtt ?■!;' be, and is not a “new 

subject and holds within itself\ dfif’ ® different 

>» u ooi„ceo-uli,Z, Z r W «. oreuphi. 

v name violence must be done to the whole 
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of the Rules which define as such something different. It is not clear in iny 
understanding why such a violence should be done, when it leads only to 
ultimate confusion of terms and concepts, and serves no useful ])uri>os(‘ at 
all What does a taxonomist gain who follows the typic trinomial with the 
abbreviation ''nom. nov.'l rather than with the accepted ‘‘var. iiov.'' or 
'Isubsp. nov.” ? Does he affirm in so doing his faith in the esoteric side of 
nomenclature, proclaiming unto the ages his perfect understand iug of tlic 
virtues of typiciisf Indeed not : he merely states that his familiarity with the 
concepts underlying such a trinomial is less perfect than it ought to be, and 
confuses his coworkers by palming off as a ^^new name’’ of undefin(*d status 
that which is clearly not so. 

Some objection may be anticipated against my using in this summary 
two examples which are seemingly different without emiihasizing this ])re- 
sunied difference. It may be pointed out that in the fancied case of Plan fa 
una J. Doe, 1900, the typic trinomial was segregated only in 1942 by a tax- 
onomist other than J. Doe, namely J. Brown, while in the aetiiai case of 
Mallotus oreoxjliilus, Mueller himself immediately segregated the trinomial 
in question and a second one, failing to designate the type-specimen of tlie 
binomial. 

No difference at all in concepts between these two examples. Proof 
of this is immediately had by comparing the examples I have used in their 
basic final form. Here they are: 

(A) Planta una J. I)oe, 1900. 

P. una var. typica J. Brown, 1942. P. una var. plloua P. Smith, 1905. 

(B) Mallotus or eopltilus M.uell.-ATg.y 1S66. 

M. oreophilus var. ochraceo-alhidus MiielL- M. oreophilus var. fJoeeotms Miiell.-Arg., 
iVrg., 1866. 1866. 

Nothing would change in the realities involved by these citations if J. 
Doe himself had published var. typica in 1900, or if Mueller had waited hall 
a century to announce yslt. ochraceo-albklus. Both P. una and M. oreophilus 
ultimately have acquired the conceptual status of the species in the broad 
sense, that is, of the biological complex as a whole. Their trinomials typica 
and ocliraceo-albidus have exactly the same significance, that is, they stand 
for the part of the species broadly understood which is typic in the nomen- 
elatural sense. Likewise, the subdivisions fuias'a and floccosus are ecpiivalent 
in this, that they represent a nomenclaturally atypic segment of the bi- 
nomial. Clearly, the ^^^v typica (1942) of P. una (1900) is no more a ‘^new 
name’’ of the binomial than is the var. ochraceo-albidiis (1866) of M. ore- 
opMtts (1866) . Preeisely the same manner, two bars of iron of the same 
length and weight are regardless of the fact that one was sawed 

off the mother bar in 1866, the other in 1942. 


412 


BULLETIN OP THE TORREY CLUB 


[Yol. 70 


The fallacies current on account of failure to properly understand the 
eleineHts of time and concept in nomenclature are so numerous that I may 
add parenthetically a few words on the subject. As I have shown Art 18 
pitilessly scrambles three “types,” namely (1) type-names; (2) tj^e-speei- 
niens ; (3) biological types ; falling as a result into the grossest contradiction. 
I have good reason to suspect that such unfortunate results are chargeable 
more than to anything else, to a single factor. The near totality of taxono- 
mists untrained m the use oitypicus and trinomials in general overstress the 
e emeut of time against the element of concept. Accordingly they are 
panicky or rebellious when somebody speaks of the trinomial typicus as the 
type” of the species. They cannot see this at all, for they point out that a 
species must have a “type,” and that it is not true that all species have a tri 
iimi iypwus. Naturally, they argue, the “type” must be a specimen 
hgure, or description, for without such a “type” a species cannot even be 
born. A .species, they further argue, does not need a trinomial iypicus to be 




_ Instead of turning obdurate or panicky, these taxonomists ought to con- 
sider that they can publish Plante ima in two manners, (1) by designating 
the type-, specimen and adding no trinomial, as follows: Planta nwa— type- 
specimen: J. Doe 372. (2) By designating the type-variety together with 
soine other trinomial (in theory, the type-variety alone could be legitimately 
diul validly published, nothing forbidding this in the Rules) and listing the 
speeiinen either after the binomial or after the typie trinomial, as follows: 
(a) P.^nna-type-speeimen: /. Doe 372; var. typica {una, gemina, etc.) ; 
^ar tetoa; (b P. una; var. fypica— type-specimen : J. Doe 372; var. lutea. 

It IS for all to see that in the publication of P. una two elements are 
ittvohed or may be involved, namely, (1) a type-specimen; (2) a type- 
variety It is just as clear that the type-specimen may not be designated at 
1 ublieation, and so may not be indicated the type-variety. It is downright 
m T’ species needs the designation of a type-specimen 

Illl^n-'l oMer authors, as a matter of fact, were practically 

Nntoi r of specimens, least of all of type-.speeimens. 

dturally, d is just as feasible to publi.sh a type-variety without designating 
a ^e-speeimen, as it is to designate a type-specimen without publishing I 

wiVnubl suppose that P7anfa una 

as pubhslied in 1801 in a valid and legitimate manner, without, however, 

n odlv “ 1 a type-speeimen or of a typie trinomial. It is open to a 

n 0 e n worker to choose right now this specimen and to publish this tri- 

mist in 189^- ^^^1 ^1 ^ typo-specimen might have been chosen bv a taxoiio- 

nntei-L^i2 and the type-trinomial (var. typicus, genuimts and the like) 
p Wished by another taxonomist in 1930. In other words: the concept of 
type-specimen {or its equivaUnts, desertion and figure) and the concept 
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of type-name (trinomial typicus or its equivalents) are hath liitUU n within 
the entrails of the species at birth and no limitations in time exist — in yolnci- 
ple — to their being pulled out to light. The taxonomists of an earlier <10100*0- 
t ion were inclined to muster into the world the type-trinomial soonei* than 
the type-specimen, thus publishing* a. ybt, typica or the like even before 
having designated the type-specimen; we moderns, on the contrary, not only 
incline to bring forth the type-specimen first, but go so far as to accept onr 
point of view as the whole truth, denying that a typic trinomial and a type- 
name in general is a ^‘type^^ at all. This is an error, and so long as this error 
lives we will be unable to progress in nomenclature, for nomenclature is the 
art of putting together right names and right specimens. Obviously, to fit 
these entities together well we should be able to effect at all times and luider 
all circumstances the proper distinction, what is a name and wliat is a sp(Hu- 
men. Somebody who was not innocent of nomenclatural affairs wrot<‘ in Rec. 
iv of the current Eules the statement that the type of a new name in a 
species is ^^the type-variety or specimen.^’ Another somebody who was well 
advanced in knowledge, taking it for granted that sooner or later every 
species is bound to have a type-trinomial, spoke in Rec. xviii of the “sub- 
division of a species’’ which is “the type of the specific name.” Since Art. 
18 , the ark in which is supposedly embalmed the “Type Method” itself, 
emphatically states that the type of a species is only a specimen, description 
or figure— as already pointed out — the reader may draw his own conclusions 
as to the happy state of affairs that now prevails, with two Eeconimendations 
which contradict a “fundamental” Article which contradicts itself. 

Still another fallacy current on the score of typicus nm\ its nomeiuia- 
tural equivalents is the belief that these epithets have hidden virtues of their 
own, which set them apart from the common run of other taxonomic names. 
At the very end of the paper of Bolle elsewhere discussed in this review, 
Harms, Mattfeld, and Pilger contend that Bolle is wrong in his approach to 
the trinomial typicus, “da nach unserer Meinung diese Ausdrucke nach dem 
Sinne der Eegeln iiieht den eigentlichen Epitheta gleichzusetzeii siml, 
vielmelir nitr als Bezeichnungen fur eiiie Untergruppe gelten sollem die dem 
Typus der ubergeordneten Gruppe entspricht” (in our view, these terms— 
typicus, gen%im%is, etc. — cannot be assimilated to true epithets in the sense 
of the Rules, because they are mere symbols for subordinate units which 



contain the type of the higher ones). 

On its face, this statement seems to be salted ’with philosojffiical fia\(.>r. 
Its tuithors draw a distinction between “Epitheta” and “Bezeiehiinngen, 
inferring that Bolle is at fault because he failed to perceive how substan- 
tially different are these two objects of nomcfielatural thonght, the lii pi- 
theta” and the “Bezeiehnnngen.” Had Bolle seen this radical difference, we 
are led to understand, he would not have written a paper at all to ask that 
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a Becommendatioii be enacted to check the spread of the nse of typicus 
, (jenuims, and the like trinomial epithets. Bolle would have worshipped the 
“Bezeiehiumgen” and the “Epitheta” at dilferent shrines, as do his censors 
and abstained from sacrilegious writing. ’ ’ 

I do not believe that Bolle is right, as the reader knows, but I believe 
even less that his critics have a plausible ease on their hands. The statement 
that ti/p/cifs and its kindred are “Bezeiehnungen” not “Epitheta” has 
mystical flavor much rather than philosophical taste. Like all mystical 
affirmations, this pronunciamento appeals to the heart of those who happen 
to accept it on faith, but cannot appeal to the mind of a dispassionate in- 
vestigator. Once again, this is a saying which is rooted in something taken 
for granted rather than carefully digested. What amount of thought do I 
convey to myself and others when I utter the jaculatory; “The typic tri- 
noniial is not an epithet but a symbol (Bezeiehnung) ”? The answer is that 
I mean nothing at all. Every word, written or spoken, is both an epithet and 
a symbol of something that exists in nature or in the mind of man. Properly 
juggled, the letters a, e, r, t, and w spell ivater which is both the name (epi- 
thet) and the connotation (symbol) of a fluid that can be drank, swum 
trough, and navigated on. So juggled, other letters can be made to spell 
Cabralea macmntha Harms, which is the name for a certain meliaceous 
plant from Rio de Janeiro, and the symbol of this entity in the eyes of a 
botanist, who by reading the name can visualize the plant. Still other letters 
suitably combined read Groton scaber Willd. var. genuinus Muell.-Arg 
which IS both the name and the “Bezeiehnung” for a group under C. scaber 
winch, being typic in the nomenelatural sense, if not in the biological one 
cannot be segregated from C. scaier. Is there any difference between such 
a Bezeiehnung” as <7. niacrantha and such another as C. scaber gemiinusf 
hone indeed that can be seen; both apply to certain plants which they 
symbolize before the eye of a taxonomist. True, a binomial is not a trinomial 
and -A Cabralea is not a Croton, nor is a typic variety an atypic one, even as 
stale bread is not fresh bread, but the names of all these quantities are 
Bezeiehuungen m their own right, and it is not what thev are in the 
abstract that counts but koiv they react ivhen used. How do Harms, Matt- 
feld, and Pilger factually differ from Bolle in regard to handling the'tri- 
nomial fi/picMs or like epithets? So far as it may be gathered, onlv in their 

“P ew “Bezeiehuungen” while Bolle takes ftem for 

pitheta, a difference which, as it has been shown, rests on the false 
a^uinption that a fundamental distinction is established between the two. 

\\ hat IS then the practical mplication of what the three authors write f None 

Inf. tittering the dictum that the 

I posal to drop typicus m the future is useful but not necessary (“ist zwar 
z le 1 , aber meht erforderlich”). How useful and to what extent neces- 
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sary, or the other way around, and why, Harms, Mattfeld and Pilger, do 
not say. The affectation of brevity and pointedness displayed by ora<nilar 
statements which are not short because they call for controversy, nor pointed 
because they miss the vitals of an isstie, invites Montaigne's eoiiumMit, as 
quoted by the elder De Candolle (Tluw. Elem. Bot. 310. 1810): “CVst 
donimage que les gens d’entendeinent aimeiit taut la brievete; sans dontc^ 
leur reputation en vaut niieux, n\ais nous en valons moins." (It is a pity that 
those-in-the-know so like to be brief; no doubt, their fame soars on this 
account, but we of the common people are left in the lurelL) 

In affirming that is a ‘Hlezeichnung'' in the sense of tlie Rules 

(‘‘nach dem Sinne der Eegeln") Belle's opponents appeal to tlie Rules as 
if they contain Articles or Recommendations to favor such an app(‘aL Tlu‘ 
Rules, in fact, reject it. Article 8 states: ‘‘Nomenclature deals with: (1) 
the terms which denote the rank of taxonomic groups (Art. 10-14); (2) 
the names which are applied to the individual groups (Art. 15-72)." In tlH‘ 
German text of the Rules the word terms is rendered as Facliausdrilckr 
( which is clearer, if possible, than its English counterpart), the mimrs 
being known therein as Namen. Not a word is said about “Bezeiehnungen" 
of any kind, and Art. 8 leaves no room to quibble, for it specifies the num- 
bers of the Articles which deal with terms as against those dealing with 
names. Since the trinomial typiciis and its equivalents are mentiom'd i*or 
the first time by implication in Art. 18 and Rec. iv, and openly by Rec. xviii 
following Art. 30, it is patent that this trinomial and its kindred are names 
according to the Rules. They differ, as we have seen, from other names ojily 
in one respect; they cannot be transferred unless they are accompanied by 
the units which they typify. This is not so much heeause they have special 
virtues of their oivn^ and are ‘iBezeichnungenF rather than E pith eta/ ^ as 
heeause certain epithets normally used to connote the type-units below the 
binomial lend themselves to ambiguity when they are thoughtlessly trans- 
ferred. Proof of this statement is in the fact that licomastylis data var. 
geniiina and A. elata var. chRa have the same meaning in taxonomy and the 
same function in nomenclature ; they are absolute synonyms, as a matter ot 
fact, because (see Art. 16) they have the same position (both stand under 
the same species, A. elata) the same circumscription (both are based upon 
the very same type-specimen), and the same rank (both are varieties). The 
only difference between these Siamese twins is a matter of detail; A. data 
\dii\ elata can be transferred as easily as any other trinomial — despite its 
being a“Bezeiehnung," not an “Bpitheton," if we are to believe certain 
expounders— while A. elata var. genuina cannot be transferred without loss 
of meaning on account of the general nature of the epithets genuuius and 
typhus. That a detail, not an essential point is here involved can be further 
proved by reference to the fact that a taxonomist who intends to publish the 
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tjpie variety of A. data is perfectly free to use genuina rather than data 
or the other way around. He may use either one with the assurance that he 
, will state precisely the same thing, convey the same meaning, be understood 
in the same sense. That so trifling a difference between g&mina and clata 
or any other such set of trinomials, should have engendered lasting con- 
tusion, called for a inonumental outpour of platitudes, ill-digested notions 
and loose tlioiig'ht, is truly astounding. 

It may be asked whether it is convenient to retain typiciis, gemmtus and 
the like in view of the positive liability which these epithets carry in their 
bosom when transferred. My opinion is that we must put up with' these tri 
nomials, because they are already in the record, and it proves impossible to 
outlaw them without inflicting irreparable damages upon the nomenclature 
now accepted. Nor is this liability without its compensation, for there is no 
opportunity for mistaking any trinomial labelled tijpicus, genuinus, or\he 
like for a trinomial lacking typic status. As my final thought on the matter 
state my belief that the proper way of dealing with a delicate and exacting 
piece of machinery is not hitting it with a sledge-hammer, but learning how 
to use It. A student who intends to prepare himself for botanical work must 
put up wutli typictis and be ready to master its intricacies, precisely as he 
must learn to match specimens and to write a tolerable Latin diagnosis all 
the.se being the essential requirements of his craft. Once the proper func- 
tions and the correct use of typic,us are understood and suitable amend- 
ments^are introduced into the Rules by those who understand these functions 
and this use, all reasons fall for preferring typieus to another trinomial. 

s a matter of fact, e\en under the Rules now in vigor such trinomials 
as Acomastyhs data var. genuina must be transferred to A. Peckii as A. 
Pecknyax. elat a, not as A. Peckii vav. genuina, for the following reason: 

4 . u 1 . 1 ^ ^ nomenclatural type is permanently at- 

tached to the group which it typifies. True, Art. 18 states at the same breath 
that the nomenclatural type of a species is a specimen, figure or description. 
This, however, is belied by the very Note in Art. 18 and bv Rec. iv and 

(2) Article 55 orders that the earlier valid epithet must be transferred 
V en a trinomial IS moved from one species to the other. This order contra- 
lets the very definition of nomenclatural type given by Art. 18. Aecord- 

A purposes, 

rticle 5 states that in the absence of a relevant rule, or when the 
consequences of rules are doubtful, established custom must be followed. 
lU 1 e ®®tablished custom” cannot conflict with Art. 4 which prescribes 

! ™ and ambiguity or throw science 

into contusion must be rejected. 
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In conclusion, since it is patent that Aeomastjflis elata var. (finunuf 
when transferred to A. PecJm as ^1. Feckri ym. genuina yiehls a citatioji 
which causes error and ambiguity and throws nomeneiature into coiifusion ; 
that the consequeiices of the Rules are cloiibtfid in the case at hand; that ^ 
established custom must be followed; that established (Uistoin (ainnot tohaaite 
forms that cause error and ambiguity it follows that A. claia var. gauilfia 
must be transferred to A. Pechii as A. Fecldi^Ki:. elata, because this 1t*aus- 
fer (a) is factually correct in not altering the typifieation by specimens in 
the least; (b) is unequivocal, once the basinym is given and suitable criticnd 
notes are furnished. Naturally, no one should forever be exjx'cteil to 
struct the Rules where the Rules have broken down, as tliey have in tfic 
present case. Accordingiy, the Rules must be suitably modified to take mire 
of the contingencies illustrated in this discussion. Howeveiq to sum up, (‘veii 
under the present Rules it is possible to effect the proper transfer o\‘ tin* 
trinomial typicus, has been shown. 

SUMMARY ■ : : 

Two proposals made to amend the existing Rules of International Xomem 
clature in regard to the typic trinomial (subspeeific group fy picas, genn- 
imis, and the like) are discussed in detail, reaching the conclusion tlial these 
proposals are unacceptable. The belief that the trinomial typieus differs from 
other trinomials in essential characters is refuted, and it is shown that the 
segregation of such a trinomial does not constitute a *‘new name.’’ In the 
face of widely circulated misapprehensions the true meaning of Art. 30 and 
Art. 58 of the current Rules is reestablished. To take care of the inconveni- 
ences arising when the trinomial typicus is transferred, a modification is 
proposed to Art. 55, showing at the same time that Art. 18 on the so-called 
^^type method” is shot through with eontradietions both in the text and in 
regard to Rec. iv and Rec. xviii of the current Rules. A brief account is 
given, based on examples, of the nature and function of the typic trinomial. 
It is shown how this trinomial can be properly tiunsferred eveii under tlic 
existing imperfect Rules. 

Arnold Arboretum, Harvard University 
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^ THE'STATUS OF CERTAIN ANOMALOUS NATIVE CRAB 
apples in eastern UNITED STATES 

Eogees McVaugh 

anyone wlio has grown apples from seed is the abandon 
With which these plants produce viable and fertile hybrid offsprino'. Inter- 
varietal and interspecific crosses are produced freely, not onlv among apples 
but among species of most of the related genera. The several genera of the 
apple family (or subfamily) have long been noted for this behavior and 
much of the distress felt by earnest taxonomic workers in this and other 
rosaceous groups is traceable directly to it. The combination and recombina- 
1011 o c iaraeters brought about by repeated crossing, coupled with the 
chromosomal irreplanties which are often initiated by such hvbridization 
has made the positive segregation of genetically distinct species almost im- 
possible in certain populations. 

bh«/r hybridization, it is not surprising to find 

the oie bi' 7' cultivated apple on 

hAA , native American crabapples on the other. There has 

with T ^ to effect experimental crosses of this sort except 

■ftith stocks of the prairie i^vab, Malm ioensis (Wood) Britton- this one 

N "rHansen"> T extensive investigations, chiefly by Professor 

and virieties h ^Dakota, and some desirable new hardy hybrid stocks 

Id Vdiieties have been produced.^ Native crabapples are common, however, 

Nev b the mountain chains from western 

mnL onnnr-t f T*"" there would appear to have been 

2le S 'f 1 ' '^^°^^-'f«“^^tion in this region, where the cultivated 
pple has flourished since its first iiitroduetion by the early colonists 

his stndr'’ f connection with 

^ ovn studics of the blackberries, it is neither safe nor seientificallv sound 

. assume hybndity for puzzling forms which do not fit one’s conception of 

^^^1^2'"'"'' f 1 °t‘ hybridity, as he goes on to sav, 

the nL 79^“ ^ [supposed] parents in 

e7eentiolf’^ « occiirrenee usually in small numbers, as if incidental or 

onlv7o +b ^ ^ population; (3) characters that appear to belong 

hvbi-; 1 f ^ combination.” Actual proof of 

ity, of c ourse, is sometimes possible by means of self-pollination (or at 

2 Gcntes Herb. 5: 7. 1941. 
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least eoiitrolled pollination) of siispeeted liybrids; hybrid st>ed line's Ih'oiii 
continued crosses will eventually reproduce in some Bieasnre the ('omhimn 
tioiis of characters found in the original species. ControliiHl crossing expcji- 
ineiits are not always possihU‘, however, especially with woody j)Ianls wlut'h 
take several years to ('onie to maturity, so tliat the student must often conitml 
himself with observations on tlie plants as they occur in nature. 

Recently I have had occasion to collect and study material of th(‘ native 
crabapples, and my attention has been focused from time to time n\nm i/er- 
tain trees which are atypical — trees which appear to be ammiulous in tht* 
midst of the general population. These pecnliai* trees, oc^curring at wi<iely 
separated localities from Delaware to Georgia and wt'st to Indiamu look at 
first giance like crabapples which are but a little out of the onliiiaiu'. The 
technical cliaracters are, for tlie most part, those of th(^ Ameri(ain crahapphs, 
so that any denionstratiou of their hybrid origin must rt^st upon 1bei!‘ less 
obvious and perhaps intangible features. Tlie most obvious <Uirtn‘ema‘ ])c- 
tween these noiieonformists and the ordinary native erabapple is that in tht‘ 
latter the leaves of vigorous shoots, and sometimes tlujse of the fruit-spurs 
as well, are provided with broad sharp lobes, so that the blach^s sometiiii(‘s 
simulate those of the red maple. In the aberrant iiidividuals, on th(‘ other 
hand, the blades are less strougly or not at all lobed, and so sometinh^s 
resemble those of cultivated apples. 

In 1913 Professor Alfred Rehder designated as a new s[)ccies Mai as 
pkdyearpa,, a native erabapple in which the leaves were said to be “oval or 
elliptic, acute, serrate, not lobed, or sometimes slightly lobed at the end of 
vigorous shoots.’’ Thus was unwittingly created a convenient re]>ository for 
any native erabapple with unlobed or slightly lobed leaves; botanists since 
1913 have availed themselves of this to such an extent that tlie name Mains 
plaiycarpa has lost its specific application and is now used for a wlioh^ series 
of forms which appear to be of hybrid origin. need not pass iiere upon 
the genetic constitution of Rehder’s original material, but his description, 
as will be pointed out below, sounds peculiarly like that of one of our sus- 
pected hybrids. 

The followung' table contrasts briefly the more obvious features of the 
eiiltivated apple with equivalent ones pertaining to the Ameriean crabapples 
of the Section CMoromeles (Decne.) Rehder;'^ the latter are consiilered as a 

3 It should be noted that if the name Sect. Clihromeles be used for tht* group of the 
American embapples, it then becomes necessary to revive Sect. Cahfcomrles Koebiu' 
(Dentsch. Dendr, 257. 1893) for the group called by Rehder Sect. Eumalua Zabel. Kot'hue’s 
Section Cahjcomelrs originally comprised all the species of Malm supposed by him to have 
a persistent calyx, including the American species M, eoronaria and .If. atiaasli folia, tiv(‘ 
Old World species having involute unlobed leaves (now referred by Eelider to Eumains), 
and M. crataegi folia ’ ^ (If. ftorentina (Zuceag.) Schneid,), now referred by Rehder to a 
subsection of Sect. Sordomahis, This latter species was apparently ineduded in Calycomdcs 
by an oversight or error, since according to Schneider and Rehder it has a decicliioiis calyx. 
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unit, tlie several species agreeing* closely in teelinieal characters. Also con- 
trasted below are the characters of the series of plants called Malus ‘platy-. 
ear pa, including not only the original plat year pa of Kehder, but also certain 
other native x>hiBts, referred to above, whicli liave various features in coin- 
moil. ' . 


A 

Cuitivuted Apple 


B 

‘ * Malus platycarpa ^ ^ 


C 

Other American Crabs 
of Section Chloromeles 


Trunk becoming thick in 
age, often more than 30 
cm. in diameter. 

Branch(‘s not thorny. 

L(‘aves Tolled (involute) 
ill the Inul, 

X^eaves never lobed nor- 
mally, even on vigorous 
shoots. 

Fruits various in size, 
uftt'ii 5-10 cm. in diam- 
eter. 

Fruit usually red or yel- 
low, or red-cheeked. 

Fruit with a small de- 
pression at apex, the core 
united with, the flesh and 
its apex not ])rotruding. 
I^edicels short and stout, 
usually 1-2,5 cm. long, 
and up to 2 mm, in diam- 
eter. 

Pedicels and outer surface 
of hypanthium densely 
pubescent at flowering 
time. 

Anthers pale yellow. 


Flowering season early. 


Trunk reaching a maxi- Trunk usually 15 cm. in 
mum diameter of at least diameter or less, some- 
35 cm. times reaching 25 cm. 

Branches thorny or in Branches usually defi- 

some plants not at all so. nitely thorny. 

Leaves folded (conduxdicate) 
in the bud 

Leaves usually unlobed, LeavevS regularly lobed, or 

or those of vigorous shoots those of the fruit-spurs 

lobed. unlobed. 

Fruit often 4-6 cm. in Fruit usually not more 

diameter. than 4 cm. in diameter. 

Fruit green, yellow, or Fruit green, yellowish- 

red-eheeked. green or yellow. 

Core with a free pointed apex 
not fused with the flesh of the 
fruit. 

Pedicels nearly like those Pedicels slender, often 

of group C, but sometimes 3-4 cm. long, about 1 mm. 

shorter and stouter. in diameter (exeei)tions 

in Ohio-Indiana region 
and w.) 

Pedicels and hypanthium Pedicels and outer sur- 

usually pubescent, some- face of hypanthium gla- 

times densely so. brous (exceptions as above 

and pedicels sometimes 
sparsely pilose) . 

Anthers pink or salmon Anthers pink or salmon- 

color, or yellow with al- color, 

most no pink. 

Flowering season that of Flowering season late, 

group A or slightly later. 


# 


It is at once evident, upon inspection of the table, that the ^ ‘ platycarpa^ ^ 
group is morphologically intermediate between the American crabs and the 



cultivated varieties, showing an undoubted affinity to the former. Professor 
Bailey’s third criterion of hybridity, the appearance in the supposed hybrid 
of characters belonging to the two parents, may be abundantly tested with 


The section Calycomeles may accordingly be typified by one of the remaining species. Since 
.Rehder has already typified Ms section ChloromeleSj it iipoii Mahis angusti folia 

(Jour. Arnold Arb. 2: 49. 1920), there is left in Calycomeles a group of species all of 
which have been included by recent authors in Bumalus, Siime, Calycomeles (1893) ante- 
dates Eumcdtis (1906) it is necessary to employ the former when using it as the name of a 
section. The Section Calycomeles may be typified by McUus sylvesfns Mill. 
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respect to Malus platycarpa. Many of tJie characters of tlie American crabs 
appear to be wholly or partially donuiiaiit, so that all the svtpposed liybi'ids 
which I have seen resemble these species rather markedly. In ibis conticctioii 
it is noteworthy that crabapples of known hybrid ance.stry, spcrdtically a 
series of the Hansen hybrids between forms ot Mains ioenMs and varictic.s 
of the cultivated apple, resemble the former very strongly. A series of these 
hybrids is available for study at the IJ. S. Plant Introduction (Jarden at 
Glenn Dale, Maryland; in all characters of leaves and branchlcts they an* 
strikingly similar to the wensis parent. 

Although trees of the supposed “ pMycarpa” stock have certain tVatiiivs 
in common, the stock is by no means a homogeneous one. Trees from ditferent 
localities differ markedly in characters of the branches (chiefly in the greater 
or lesser number of thornlike branehlets present), in leaf-shajie, and in .size 
and other characters of the fruit. The fruits platycarpa/’ while usually 
larger than those of the native crabapples, are as variable as might be ex- 
pected among the offspring of the hundreds of varieties of cultivate*! ai)j)les. 
They vary in shape from flat or depressed-globose (the shape of the original 
platycarpa) to globose (sometimes even becoming higher than broad); one 
tree near Andrews, North Carolina, bears apples of a sheep-nose type. In 
color these fruits vary from a dull green like that of some native crabs to a 
clear pale yellow not unlike that of the Transparent, or to a red-cheeked form 
resembling some of the cultivated crabapples. It seems altogether improbable 
that fruits of such diverse types should be produced by a single species, espe- 
cially since no other native species is known to vary in this way, and it seems 
probable that the different sorts have arisen following hybridization between 
native apples and cultivated varieties which are distinguished chiefly by 
fruit-characters (figs. 1, 2). 

In almost all the other characters which are readily studied, plants of 
Malus “platycarpa” resemble the American apples rather than the European 
one ; it is even possible, moreover, to suggest which of several species of native 
crabs may have been concerned in the supposed cro.ss, chiefly through study 
of leaf-characters. In the region where Malm angustifolia is the only native 
apple, the southeastern Coastal Plain and Piedmont, the leaves of “platy- 
carpa” invariably approach those of angustifolia in shape and petiole- 
length ; between Baltimore and Wilmington, however, where several colonies 
ot“ platycarpa” are knowm, the leaf -shape and petiole-length of these plants 
approach that of M. coronaria, the prevailing species of that region (see 
figure 3). In areas like that in the vicinity of Asheville, North Carolina, 
where both M. angustifolia and M. coronaria and its relatives occur, it has 
not been possible to distinguish between the effects of the two species in 
crosses with cultivated varieties. 
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A eliaracter wliieli is (ioubtless related to the f,^eiietie eoiistitiitiori td* any 
given plant, but wliieli is not n‘adny evaluated except by eoiaparative and 
siimiltaneous studies on whole series of plants, is tliat of date of dowering. 
This date is infliieneed to a considerable extent by regional and ioeal eliinates 
and by other factors, and so varies soimnvhat from place to place and from 
year to year. Different species and varieties of apples, however, appear to 
bear a reasonably constant relation to each other in t Iris respet*t. Where 
glabrata, M. coronarUu and M. angustifolm grow together, tlie ilowering 
period of the first two is a week or ten days aliead of that of M. angHsilfolNK 
and is slightly preceded in its turn by tbe flowering of the cultivated apples. 
This relation appeai-s to obtain regardless of season or locality. One wonhl 
expect, therefore, that hybrids of Mains angusfifalia would be met with in- 
frequently, beeaiise of the rather considerable discrepamw between its fl(nv> 
ering period and that of the cultivated stock. This is borne out in practice, 
so far as I have observed; most of the plants of '^plafgrarpa*^ have fjeen 
found in areas where M, coronarki is the only native spe<dt's known to occmr. 
Malus glahrata is not taken into consideration, as it is a rart* speci<‘s (‘oidintMl 
to high coves in the mountains of western Nortli Garolina,. 

Plants of Mahis plat year pa’' regularly flower with or sliglitly later than 
cultivated apples in the same vicinity, and considerably aliead of plants ol' 
M, angnstifoh% but precede M. coronarm not more than a few days. In the 
viemity of "Washington, D. C., on April 19, 1942, thiekets of ^^platymrpa” 
apples were buddingvwith pink-balloon-like petals just beginning io stq)a- 
rate; in the same fields, immediately adjacent to these trees, were cultivatc*d 
apples in full bloom, while in Rock Creek Park not more than two miles away 
the native M. aiigtistifolm had not yet begun to show pink in its tiny Imds. 
Near Newark, Delaware, and near Baltimore, Maryland, on IMay A 1942. 
orchards had passed the height of their bloom and plants of Mains '^j}!aty~ 
carpa” were dropping their petals, while nearby plants of M. corona ritt wtn*e 
still partially in bud. At the foot of Lookout Mountain, in Dade County, 
Georgia, on April 27, 1941, a platy car pa” tree had dropped most of its 
jietals, as had cultivated trees; native trees in identical situation a few miles 
down the valley were just coming into fio^ver. Two days later, near IMue 
Ridge, in Fannin County, Georgia, a specimen of Maltis plat year pa” was 
in full bloom along the road, in marked contrast to nearby sjieciinens of M. 
angiistifoUa that 

Explanation of figure 1. 

Priiits of supposed hybrid craba])ples, natural size. Three large fruits in upper row are 
from MeVaugh o441^ Virginia, neg. 77705; three small round fruits in eentcr are from 
MeVaugli 5464, Maryland, neg. 77789; bottom row and the cut fruit are from ^teVaugh 
5497, Virginia, neg. 77917. Note variation in size, shape, color values, degree of glaiieosily, 
and length of stem. Negative numbers refer to photographs in the files of the Division of 
Plant Exploration and Introduction. 
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In regard to the second of the criteria of hybridity mentioned above, 
namely the presence of the two supposed parents in the vicinity of the sus- 
pected hybrid, it is noteworthy that most if not all the known occurrences 
of Malus “ platycarpa” have been in or near inhabited places where both 





^ 7 - native American crabapples, natural size. Top row, Mali 

foha (Alt.) Michx., from a collection by 0. M. Freeman, District of Columbia, 
i®. lopsided (second from left) and the thickened peduncle is character 
/7/63. Second row, Malus glahrata Kehd., from McVaugh S4$S, a cultivated tree 
New York. The fruit is yellow and characteristically flattened and aneled: IS 
Hottoin jow, Malus eoronaria (L.) Mill., from McVaugh 544S, Perry Co., Pen 

native and cultivated apples were also known. Malus platyca 
Eoopesu (Rehd.) Rehd., one of the many forms of “ platycarpa’ 
group is understood in this paper, originated in a mirsPTv at Woa+ 


i 


I 


I 
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Pennsylvania, and Avas sent to the Arnold Arboi-etum in 1876. Aeconliinj' to 
notes made by T. G. Harbi.son, who eolJeeted the oriiyriiial speciinens of Mains 
plaiycarpa, the species ocenvred as “scattered trees . . . near Franklin 
[Noi’tli Carolina] at a distance of from to 15 miles from the [original j 
localitv . Uai bison is also (juot.al as sayinjr As this tree ^rows in the ff*rtiic 
soil of bottoms it has been nearly exterminated by the cleariii}. of the val- 
leys.” 

In 1929, Doctor S. F. Blake discovered a thicket of '‘phiti/rarpa” crab- 
apples in Arlington, Virginia, on the outskirts of Wasliington, and more 
recently additional trees liave been found a few miles further south, near 
the Arlington- Alexandria boundary. A thicket comprising thousamls of 
plants of vigorously growing crabapples borders the main highway to Phila- 
delphia at the eastern boundary of the City of Baltimore, where these trees 
seem to compete favorably with ordinary wild plants in tlie vicinity. Further 
northeast, just south of Newark, Delaware, in a long-settled and inteiisively 
farmed area, several large trees of “platycarpa” occur in a pasture. Further 
south and west suspected hybrids occur along roadsides near lIcAighur. 
Ohio, near Hendersonville, North Carolina, and at several places in northern 
Georgia. 

It is not always possible, naturally, to find cultivated apples, native cral)s, 
and the putative hybrids between them, all growing happily together in tlie 
same thicket. In all the localities enumerated above, hoAvever, both possible 
imrent types are known to occur, either in the immediate vicinity of the sup- 
posed hybrids, or, at most, at distances of a few niiles. Cross-pollination by 
insects is often effected over distances of this order of magnitude, and birds, 
or other animals, frequently carry seeds or whole fruits to similar distances 
from the parent plants, so that in this one respect a hybrid origin for all the 
known plants of Malus “platycarpa” is entirely possible. 

The third criterion of hybridity, again to quote Professor Bailey, is “oc- 
currence usually in small numbers, as if incidental or exceptional to the 
main population.” Without exception the plants of Mains “platycarpa” 
known to me are isolated or anomalous trees, local in occurrence and differ- 
ing markedly from the remainder of the apple population in the vicinity. 
There are apparent exceptions to this near Baltimore and near Washington 
where Malus “platycarpa” reproduces exceptionally well by seed, forming 
extensive thickets. A clue to this behavior is found, how'ever, in the fact that 
the seedlings making up these thickets agree with their elders exactly, leaf 
for leaf and feature for feature. Other species of Malus, and species of related 
genera, including Crataegus, are known to behave in exactly this fa.shi(ni; 
triploid and other t.ypes, apparently of hybrid origin, come true from seed 
even w'hen exposed to foreign pollen. Some of these do not develop viable 
pollen of their owm and are thought to have developed an apogamous or ])ar- 
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tlieiiogeiietie process by wliieh fertile seeds are produced in the absence of any 
fertilization whatever. Few of the ^^plaiycarpa^^ plants have been investi- 
gated eytologically,'^ but such an investigation is highly desirable and might 
settle finally the question of the hybrid origin of these forms. Chromosome 
counts" have been made upon some of the hybrids developed by Professor 
N. E. Hansen in South Dakota, One of these, Kola, was determined to be a 
tetraploid (2n = 68) by Nebelf'"' other varieties have been investigated by 
Professor P. B. Lincoln of the University of Maryland, who finds that the 
chromosome number varies from 34 in some varieties to 51 or 68 in others. 
The parents of the triploid and tetraploid varieties are themselves said to 
be normally diploid.® 

The total of the evidence at hand, although, this evidence is chiefly infer- 
ential, indicates a probable hybrid origin for a series of forms wdiich have 
been known collectively platycarpa/^ Although it is clearly unsafe 

to predicate the hybrid nature of plants known from herbarium specimens 
alone, it appears from such specimens and from the description of Malm 
plat year pa var. Hoopesii and the original M. platycarpa' of Eelider that 
these are also to be regarded with suspicion. 

Some of the collections referred by botanists to Mains platycarpa may 
have been taken from aberrant individuals of genetically pure species, but 
it is highly improbable that the entire series of plants discussed in this paper 
has arisen through variation alone. Much additional information is needed 
ill order satisfactorily to establish the status of these anomalous trees, and 
botanists and collectors will do well to make ample notes and full collections " 
from them at every opportunity. 

Following is a discussion of the material upon which the present paper 
is based : 

Delaware : Three miles south of Newmrk, Newcastle Co., MeVaugh 
Several round-headed open-grown trees in a pasture, the largest about 8 m. 
tall and wuth a single trunk about 35 cm. dbh. Branches not at all thorny; 
leaves slightly lobed on vigorous shoots ; pedicels definitely hairy ; petals 
almost all fallen on May 3, 1942; fruit somewhat flattened, not over 4 cm. in 
diameter, resembling that of native species. Native species are not abundant 
in this vicinity, but are known to occur locally near Christiana (about 10 
miles away) and in southeastern Chester Co., Pennsylvania (at about the 
same distance). 


4 A report of tlie oeeiirreiiee of tetraploidy (2n = 68) in Mains plaUjcarpa was made 
recently by F. B. Lincoln and L. P. McCann (Proc. Am. Soc. Hort. Sei. 34: 26. 1937), but 
tlie source of tlie material was not stated and there appears to be no way to cheek its 
aiithentieity. ■ . ' 

« Gartenbamviss. 1 : 549-592. 1929. 

«Proe. Am. Soc. Hort. Sci. 37: 217. 1940; S. Dak. Exp. Sta. Bull. 339: 11. 1940. 

7 Herbarium specimens cited in this paper, unless otherwise indicated, are deposited in 
the Herbarium of the tTnited States National Arboretum, Washington, D. C. 





MCVAUGH: NATIVE CRABAPPLES- 


Maryland: Along* IT. S. Highway No. 40, east of Baltimore (htv Limits in 
Baltimore Co., McTaugli o-m (Sept. 29, 1940, in fruit) ami r>:mi (April 20, 
1941, ill bud). Hundreds of vigorous jilants forming extensive thiekets over 
an area inore than a mile long; tiie phnits eominonly have an upright habit 
quite distinct from that of the ordinary native apple. Branehes mu at all 
thorny; leaves slightly lobed on vigorous shoots; pedicels white-tcuneutose; 
petals fallen and fruit slightly enlarged on May 8, 1942; Fruit :i.l~8.7 (U!i. iii 
diameter, 2.8-3.4 cm. high, greenish-yellow, glaucous, faintly (alorous mul 
very slightly waxy ; seeds none, or 1-4. Native species are not ahumlant In 
this region, but plants occur locally at points 1-5 iniles (listaiit. Figures I, 8. 

A4rginiA: 1, Thiekets at corner of Glebe Road and Washington Boule- 
vard, Arlington, 3IcVaugJi 5497 (October 24, 1940, in finiit). From tfm sa!m» 
thicket, S. F, Blake 10831 (April 23, 1929, in flower, Oct. 15, 1929, iu l‘r\\it). 
About twenty scattered plants on gravelly overgrown hillsidi^s. Braiiches 
somewhat thorny; leaves slightly lobed on vigorous shoots; buds beginuing 
to open on Aprfl. 19, 1942; fruit flattened, 8.9-5.2 cm. in dianufler, 2.94h5 
cm. high, yellowish-green, glaucous, fragrant and slightly waxy; seeds 
iisnally about 5. Native crabapples are scarce in this region ; a few sui)pos<‘dly 
native plants of Mains angustifolia are known from tli(‘ Distrud of Coliuti- 
bia. Figures 1, 8. 

2. Abandoned pasture, lowlands called ‘Hleirs Bottom,’’ south of iN)lum- 
bia Pike and east of Arlington Ridge Road, Arlington, McVaugh 5111, 5142 
(September 15, 1940, in fruit). Specimens from the same locality, F. R. 
Fosherg 16971 (flower) and 17432 (fruit), are to be distributed. About 
twenty small trees associated with cultivated apple (seedlings f). P>rancht*s 
not or but slightly thorny ; leaves lobed on shoots, suggesting tlie slioot-leaves 
of Mains mgustifolia (fig. 3) ; pedicels hairy; buds ‘‘ballooned” on April 
19, 1942; fruit flattened, 3.5-4.5 cm. in diameter, 2.5-“3.5 cm. high, greenish- 
yellow, usually with a red eheek, glaneous, almost without fragram-e and 
waxy covering (fig. 1) ; seeds 4-10. 

North Carolina: 1. Roadside thiekets 4.5 miles north of Henderson ville, 
Henderson Co., McVoAigh 5632. A single tree about 6 m. tall, with s])iuy 
branches, associated with Mialus angustifolm and cultivated apples, [jeaves 
not lobed ; plant in full bloom on April 80, 1941, when 31. angusti folia iu liie 
same thicket was still partially in bud ; pedicels hairy or tomentose; anthers 
yellow or very faintly pinkish ; fruit unknown. Native crabapples are abun- 
dant in this region. 

2. Roadside 3.4 miles west of Franklin, Macon County, McVaugh 562 L 
A single plant; branches not spiny; growth and bark like those of tlie culti- 
vated apple; leaves very slightly lobed on vigorons shoots; plant in full 
bloom on April 29, 1941, slightly in advance of nearby trees of 3f. angusti- 
folia; pedicels hairy; anthers cream-yellow, slightly pink-tinged; fruit un- 
known. Native crabapples are abundant in this region. 

3. Edge of cultivated field 4.2 miles northwest of Andrews, Cherokee Co., 
McVaugh 5618. A single open-grown tree about 6 in. tall, the branches 
scarcely spiny; leaves somewhat lobed on vigorous shoots; pedicels hairy; 
flowers almost all open on April 29, 1941, somewhat in advance of nearby 
native trees; fruit of the last (1940) season fallen at this date, mostly about 
4 cm. in diameter, a little longer than broad, slightly slieep-nosed. Native 
apples are not abundant in this region, but occur sparingly throughout. 
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i J Pig. 3. Leaves of representative American erabapples and supposed hybrids, in seven 

groups. Eaeli group comprises two or more leaves from a single tree, including the follow- 
ing types; 1) A large leaf from a vigorous shoot; this leaf indicates the maximum size 
J I and maximum degree of lobing for the tree in question. 2) Leaves from the base of vigor- 

ous shoots or those produced by fruit-spurs after the flowering season; these two types are 
indistinguishable. Leaves of this sort are regularly smaller and narrower than the lobed 
3i leaves from vigorous shoots. 3) Small leaves from the fruit-spurs; these are present at 

flowering time and persist until late in the season; they are usually not lobed except in 
M, glahrata and in forms of M. eoronaria and M. ioensis, Neg. 79705. All leaves about | 
iji natural size. 

1 1 Bottom row, left to right: 

M, ^‘platycarpu,'^ McVaugh Baltimore, Maryland. Note the relatively long 

petioles in this group and two following. 

eoronaria (L.) Mill., B. Long 1B98S (in herb. Morris Arboretum), from Newcastle 
Co., Delaware (three largest leaves), and MeVaugh 649S, Chester Co., Pennsylvania (two 
small leaves). Note that lobed and unlobed leaves may be found on the same plant. Some 
forms of M. eoronaria have more strongly lobed leaves, with sharper serrations, than d,o 
those shown here. 

M, ‘^platycarpa,*^ McVaug}i S7€S,YmtQn Go,, Ohio. 

Top row, left to right: 



K. Talbot Co., Georgia. This is not an unusual leaf-form 

in this species, although forms with erenate leaves are eommoii. Note the short petioles in 
this group and the three following. 

M. plaiycarpa Kehd., HarUson, April 22, 1911,'' from Macon Go., North Carolina 
(in U., S. National Herbarium). The date is apparently erroneously given; the maturity of 
the specimen indicates that it was collected in the fall. 

J M. ^ * platycarpa/ ^ MeVaugh S497 (two at top) and Blake 10831 (at bottom), Arling- 

ton, Virginia. 

M. * ^ plat year pa/ * MeVaugh 5441^ Arlington, Virginia. 
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CJeorgia: 1. Roadside, ed^e of field, 2.2 mileB east of Blue Riduv Hotel, 
Blue Ridge, Faniiiu Co., McYnuijh 5614. A single open-grown tre(‘ aliout i; in. 
tall; brandies not sj)iny; growtii and bark like those of the eidtivattMl af)pfe; 
leaves not lobed ; pedicels and calyx liairv; plant in full bloom on Xpvil 2!h 
1941, slightly in advance of trees of M, migustifolia in the same valley about 
2 miles furtlier west ; fruit unknown. 

2. Pasture on Bible Farm 1 mile north of Sulphur Spring Station. Dade 
Co., McVaugh 5594. A single open-grown tree about 8 m. Iiigh. P>rafn*ht‘s mu 
spiny; leaves not lobed; pedicels and calyx more or less timientose; petafN 
almost all fallen on April 27, 1941; on tlie same day MhIks angHsHfidia at 
Valle.T Head, Alabama (also at the foot of Lookout Aloiintain) was in fidl 
bloom, and at the suinniit of Lookout Mountain near I)(‘Soto Falls t!jt‘ same 
species was in bud. Native craba])ples are abiindaut in this regicm, 

Ohio: Roadside bank in woods above stream, 4 miles north wt^st of Mv - 
Arthur, Vinton Co., McVaugh 5765, July 4, 1941, A single tree alamt o m. 
tall; branehes scarcely spiny; leaves and habit like those (d‘ the cultivaUMl 
apple, the leaves not at all lobed except on the most vigorous shoots; f)ia Heels 
hairy at the above date; flowers and mature fruit unknown; core of imma- 
ture fruit that of the section Chloromeles. Figure 3. Native crabapplcs o<*<-ur 
tlii'oughoiit this region. 

SUMMARY 


At various localities in eastern United States occur trees wliich ar(‘ cer- 
tainly derived from native American sources but which do not eonpn-ise a 
homogeneous stock and which 1) Occur as anomalous or isolated individuals 
or groups in the midst of imdoubted native populations, and 2) are morpho- 
logically and physiologically intermediate between native species and the 
introdiieed, cultivated apple. This series of forms is usually characterized by 
fruit larger than that of the American crabap pies and by leaves possessing 
a, lesser degree of lobing than those of the native species. Most of these forms 
have been called ^^Malus pla4yearpa Rehd.” or ^‘Malus plaiijcarpa var. 
Hoopesii (Rehd.) Rehd.^’ It is inferred from observation and fi*om compari- 
son with hybrids of known parentage that most, if not all, of the plants 
previously referred to Malus platyearpa, including proliably the original 
material and that of var. Hoopesii, are of hybrid origin. It is supposed that 
hybridization has taken place between cultivated apples and native sjieeies 
of Malus, Beetion Chloromeles, oecnirring in the same region. Experimental 
pi*oof is needed to confirm this hypothesis. 

Division OP Plant Exploration and Introduction, 

Bureau of Plant Industry, 

IT. S. Department op Agriculture, Bbltsville, Md. 
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CHROMOSOMES OF ASTRAGALUS 

Hilda Vilkomerson 

Some species of Astragalus absorb and accumulate selenium' from sele- 
niterous soils; other, closely related species do not (15). Preliminary to a 
genetic study of this physiological variation, a survey was made of the ehro 
mosome number relationships in 26 North American species of Astragalus 

whose responses to selenium have been determined by Beath and by Trelease 
(ly Id). 

Germinatiiig seeds of the various species were obtained from Prof. Sam 
. Trelease. Chromosome numbers were counted from metaphase plates of 
seedling root-tip.s fixed in Craf (modified Navashin) fluid, sectioned at 12 u 
(Kandolph s card technique (8) being used for handling large numbers of 
roots}^ and stained with Newton’s crystal violet-iodine. 

Of the 26 species studied, 11 have 24 chromosomes (2n; flg. 1). All these 
are se enium absorbers, as is also the one 44-chromosome species (flw. 2) 

have ST"’ ^ 16 chromosomes (fig. 3). Thirteen species 

ha e 22 chromosomes (fig. 4), and of these, four are selenium absorbers, nine 

or TtbeTS 7 "”“ ^ Lonchocarpi 

S ST groups are the desirable species for genetic study 

of selenium absorption, since these groups include species of like chromo- 

some number and unlike reaction to selenium. 

oToraiSTM evidence supports the taxonomic 

hTTT i I ' genus (4). His group Qalegiformes. 

however, includes species which differ both in selenium response and in chro- 

and A. ra^emosus) . According to 
_ ydbcrg s classification (12), too, these species would be grouped together 

P t the unit> of Rydberg s genus Cnemidophacos. Physiologically this group 

tTSL "T“°kT 

^ considerable morphological divergence (4). Indeed, Rydber" 

bTiTiT recognized this difference 

noru, nn for A. flavus and A. conferti- 

distinction ^ or A. and A. pectinatus. Gray made a like 

1 (3 ). As for Rydberg’s Phaca Preussii, his earlier grouping of 

Sydb. '(a NpiT^^ related genus Oxytropis—0. pinetoritm (Heller) 

absorber — was studied. The 2ii' nnmh “'Portant “loco ” weed, though not a selenium 

tlie genus Astraqalm (e& /i Some so-called loco weeds actually belong in 

were^not altble forlSy **'’““* ; seedlings of thes'e, howc^r. 


. - ; ' ( , r-'fr' 1 ■' )i " ' \ 
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this species with Jonedella Fattemmi and J. j 
justified. 

In previous cytological studies of Asfragaht 
ported chromosome numbers for 44 Old Work: 


BcleniiiiH 

Etl»sorptioi5 


iiHHilier (!*!}) 


‘H ’ revision) 


itH'ies 


Inffati 

AsiragahtH Jtniigino.vi.^ vjir. palam Jones 

Fodo-f^cJrrocarpi 

A. toanus Jones : , 

A. rafa<F:7isis Jones 

A. Grayi Parry 

A. pect hiatus Dong] 

A. Casei Gray ; 

A. pterocarpns Wats. 

A. teirapterus Gray ...: 

A. sclerocarpus Gray 

A. canon is Jones ' 

Prcimil 

A. Prenssri Gniy 

A. limafus Shelcl 

A, Paitersonii Gray 

A. praeJongus Sheld. (Pattcrsanii yhy.) 

A. Beathii Porter 

Uliginosi 

A. canadensis Toiirn. in L. {-A, earoUnianiis Mnc- 
Mill., not L.) .: 

Sarcocarpi 

A . crassicarpus Nutt 

Ocreati 

A, confertijlorus Gray 

A, flavus Nutt, (con ferti flams var. flari flams 

Kiintze) ; 

Bisulcati 

A. liai/denianus Gray 

A. bisnlcafus (Hook.) Gray 

A. oocalycis Jones 

Gale gi formes 

A. race7)iosus Pursh 

A. Drimmondii Hook 

Lonchocarpi 

A. Ostcrhoutn Jones 

A. lonchocarpus Torr. 


species. Thirty-three of these have the 2n mimber 16, three species have 32, 
one 36, four 48, five 64, and one 96. There is one 28-chromosome species. 
Both Senn (13) and Kreuter (6, 7) emphasize the consistency of the basic 
chromosome number 8 througlioiit the Galegeae, and the latter cites 
galus as an '‘especially beautiful example’’ of this uniformity. Eveji thoiu^'h 
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only a small percentage of the species of this enormous g*eniis has been 
studied (it contains some 1500 species), this strict uniformity is not %¥holly 
borne out by the data on our North American species. To fit the pattern of the 
"species ifi*eviously studied (basic numbers 7 and 8), we might derive the 24- 
and 22-chr()mosonie groups from hybrids of species with 32 and 16 chromo- 
somes and 28 and 16 chromosomes, respectively. Such triploid species would 
be highly unstable, however, owing to irregular meiotic pairing. The 22-chro- 
inosome group could have arisen by aneuploid loss from a 24-chroinosome 
form. Indeed Ivreuter (7) indicated the possibility" that further study might 
be expected to show Astragalus species which had arisen by" a diminution ’1 
of ehromosome number. Somewhat suggestive of such a relationship is this 
portion of the phylogenetic tree proposed for Astragalus in Jones' mono- 
graph. (The selenium-absorbing species, apparently, are restricted to these 
two branches,) 



GALEGIFORMES 
^24 & 22 


PREUSSII 
\ 24 


PODO - 

SCLEROCARPI 

22 


LONCHOCARPl 

22 


BISULCATI 
24 


OCREATI 

24 


But in the Leguminosae, as in the Cruciferae, aneuploidy is a common rela- 
tion between tribes and between genera, but not within genera (13). There 
remains, then, only" the assumption of the basic numbers 8, 11, and 12 for our 
species. 

The sporadic occurrence of isolated polysomatie cells is not uncommon in 
Astragalus, nor is it restricted to this genus of the Leguminosae. Tscheehow 

TABLE 2 


Selenium Chromosome 
absorption number (2n) 


Bpeeies (Eydberg’s revision) 


II 0 m alob us podocarpus ( Hook. ) 
carpus) 

DUioloos hisidcatus (Hook.) Bydb, 

/>. haydcnianus (Gray) Eydb 

V, oocalycis (Jones) Rydb. 
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{CoutinHal) 


Species (Rydberg’s revision) 




fibsorptiofi itiuuber /Hii 


CHrmiclopharos /lavu,<{ (Xutl.) Rvdb. 


r. confcriiflarus (Grny) Ry(ib ‘ I'l’’.''’ 

C. loan lift (Jones) Rydb, .* 

O. rafadciisift (Jones) Rvdb 

C. Graiji (Parry) Rydb.* I 

C. pvcrinaius (bougl.) Rydl). ZriZZZ 

Xylophacos Casei (Gray) Rydb 

Ptcrop/iacof pfcrocarpus (Wats.) Rvdb. 

P. tvtrapirrufi (Gray) Rydb I .^Z 

Lonchophaca macrocarpa (Gray) Rvdb. (A, londio^ 

carp lift) ‘ ] 

L. Osicrhontll (Jones) Rydb. 

Phaca Preiissii (Gray) Rydb. 

P. Crofalariae Bentli*. (a[ limatus) Z 

Tiiim TJrnmmondii (Dougl.) Rydb 

1\ racemosum (Pursh) Rydb." 

T. palans (Jones) Rydb. I 

BrachyphraffmaSrrciioi (Kuntze) Rydb. (A.canonis) 

Jonesiella Pattcntoni (Gray) Rydb. ; 

J. praelonga ( Slield. ) Rydb " 

Astragalm canaclcnms L 

Geopnmnon cramcarpum (Nutt.) Rydb 


Pig. 1. Somatic metapliase of Astragalua Premsii Pw. 2. *4. Grayl (iiii 

™ 44 ) . Fig. 3. A. canadensis (carol in ianus) (2n = 16). Fia. 4, A. Ioanns (2n = 22)'. Fig. 
5. Polysomaty in A. canonis^ sliowing 22 pairs of chromosomes. In later divisions, such 
cells show 44 chromosomes^ unpaired. 




434 


BULLETIN OF THE TORREY CLUB 


[VoL. 70 





(16, 17) reported such cells in two of tlie species he studied — A. aMaicus and 
-.4. eandidissimus. In the latter, indeed, he sometimes found tetraploid num- 
bers (syndiploid he calls them) in up to 40 per cent of the metaphase plates. 
In our material such cells were found in three of the species studied— A. 
Driimmondn,, a.4. toamis^ and yL. cafionis — ^but here they were very rare 
(fig'. 5). Polysomatic cells have been reported, in varying degrees of fre- 
qiienc}’-, for species of se%"eral other leguminous genera: Acacia^ Albizzia, 
Cmia^valia, Cassia^ Cicer, GUjcme, and Phaseohis (2, 5, 6, 17). 


SUMMARY 

Chromosome numbers are reported for 26 North American species of 
Astrag(dus and are correlated with selenium absorption data. Possible phylo- 
genetic interrelations are discussed. Polysomaty is reported in three species. 

The author is grateful to Professors M. M. Rhoades and Sam P. Trelease 
for their interest and helpful suggestions. 

Department op Botany, Columbia University 
New York 
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, INJURIES TO TREES CAUSED BY CELASTRUS AND VITIS^ 

H. J. Lutz 

Observations by the writer over a period of years have revealed that 
bittersweet {Celastrus scandens L.) and grape (YUis aestivalis Michx., V. 
vulpvna li., T. lahrusca L., and Y. hicolor Le Conte) vines cause distinctive 
injuries to the stems and branches of young trees. These climbers, which are 
common or locally abundant in the forests of the eastern United States, are 
relatively intolerant of shade and are encountered most frequently in stands 
of young trees, in understocked stands and near forest borders. In other 
words, they are most abundant in stands representing early stages of sue- 
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Fig. 1. A, B, and C, stems of Sassafras alhidum (Nutt.) Nees. sliowing tlie injurj 
caused by Celastrus scandens L. B, a longitudinal section through the stem A (1/10 natural 
size). D to H, stems injured by Vitis spp. B, E, and F, Acer rubmm L. Gt, Acer smcharum 
Marsh. H, FawamcEfs L. (i natural size) . 


eesslonal development ; as stand density increases the number and vigor o.f 
the vines decreases. South and west slopes appear more favorable for their 



development than are north and east slopes. Other vines such as poison ivy 
{Ehus toxicodendron L.) and the Virginia creeper {Psedera quinquefolia 
(L.) Greene) climb trees but they do not twine around the stems so as to 
cause constrictions. Poison ivy climbs by means of rootlets whereas tlie 
Virginia creeper has tendrils which are usually terminated by enlarged 
adhesive discs. 

1 Illustrations published with the aid of the Lucien M. Underwood Memorial Fund. 
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llie losiiltiiiti' iroiii bitterswoct is oHvised by tho vines twiiiiioj 

around stems and })raiu*hes of young* trees and inhibiting; if mU vnm- 
pletel} stopping, downward traiislocation oi organic solutes. Tliese* organ ir 
substances, 'wliicli are elaborated in the leaves, move downwai*d through Ifn*'* 
tree stem in what is sometimes referred to as tlie ‘Uleseendiug stream of 
assimilates. ’’ The pathway of this descending stream is very largc^ly through 
the phloem, or more specifically, through the sieve tubes In the phloem. When 
normal movement of organic materials is prevented by (*(nistri(Uioi! of 



Fig. 2. Stems of Llriodeiidron tiiliplfem L. (left) and Pinus Jitrobiis L. (rigtit) in- 
jured by bittersweet (1/10 natural size). The longitudinal sections show the character of 
the internal injury. 


the phloem these substances accumulate in the region immediately abov<^ 
the point where stoppage occurred. The situation is quite analogous to that 
wdnch exists when a tree stem or branch is subjected to ringing, that is, when 
the tissues external to the xylem are completely removed. 

In twining around a tree stem the bittersweet vine takes a spiral course, 
the angle foinned with the horizontal usually being between 50 and 70 
degrees. With tliis relatively low pitch of the spiral, friction between the tree 
stem and vine stem is sufficiently great to prevent the latter from Ixung 
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loosened to aeeommodate radial gTOwtli of the tree. Consequently, normal 
radial growth of the tree stem continues for only a brief period, usually one 
or two years, after the vine has become attached. Bittersweet is a dextrorse 
'(dimber. 

As a result of the damming of the descending stream, increment immedi- 
ately above a eonstrieting vine is greatly iiiereased whereas immediately 
below increment is greatly lessened, or may cease. This is illustrated in 
figures 1 (A, B, C) and 2.^ Trees usually are not killed by bittersweet vines 
because new conductive tissues are formed in which the axes of the elements 
are parallel to the spiral constrictions- Figure 3 illustrates this change in 



Pig. 3. Serial tangential sections showing the orientation of elements in a sassafras stem 
injured by bittersweet. In the section at the left, from a plane near the center of the stem, the 
orientation is normal. These tissues were developed before the injury. The section in the center, 
from a plane midway between the pith and the outside, shows the elements oriented approxi- 
mately parallel to the spiral eonstrictioii. The section at the right shows an even more extreme 
change in orientation of elements in the outermost growth layers (x 50). 

orientation of elements in a sassafras stem. In stems such as those shown in 
figure 1 (A, B, C) the course taken by the downward moving organic solutes 
is a spiral. 

“ An injury similar to that caused by bittersweet is figured as the frontispiece in the 
April, 1942, issue of the Journal Porestiere Suisse. The illustration referred to shows the 
effect of a honeysuckle vine on a young ash stem. It is obvious that the longitudinal section 
figured in the Swiss journal is upside down. 
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Not infrequently deatli of young trees luis resulted from the presein^e of 
vines. With the flow of organic solutes to tJie roots stopped, the reserve food 
materials are gradually used up and the parts below the eonstri(di(Hi iVw of 
starvation. In these cases the development of new eonduetive tissue was 
evidently so slow that the roots died before their organic food supply vimUl 
be reestablished. As long as the roots remain alive upward e()ju{ncti()n of 
water and inorganic solutes takes place even though the constricting vitms 
may prevent the downward movement of organic assimilates. Tliis is 
plained by the fact that the pathway of the upward moving stream is 
through the xylem. 

Trees have been enGoiintered which, though girdled, coutimuMl to live, In 
spite of the fact that downward movement of organic substances to the roots 
seemed impossible. It is likely that the roots of these injured trees were olc 
taining their organic nutrients from adjacent normal trees to whitdi tlH\v 
were root-grafted. Root-grafting is evidently very common in foi’est tret\s. 

In addition to the damage resulting from oeclusion of bitterswind viiu^s 
and bark in tree stems and the development of very abnormal wood strau*- 
tiire, avenues are opened for entry of decay and wood borers which max- 
render the affected trees worthless. All species of trees are subject to injury 
but hardwoods are more commonly damaged than conifers. The relatively 
dense crowns of the latter result in unfavorable liglit conditions for the 
intolerant bittersvveet. 

Grape vines cause a minor but interesting type of injury as a result of 
their tendrils coiling tightly around small tree stems and bram-hes. Injuries 
of this eharaeter are illustrated in figure 1 (I) to H). The temlrils cause a 
deformation of the tree parts analogous to that resulting fi*oiii bittersweet 
and very frequently are occluded in the stems or branehes. It is not uncom- 
mon to find a stem or branch so weakened by a tendril that it has broken off 
at the point of constriction. 

The most serious injury from grape vines, and from other climbers siu'h 
as poison ivy and the Virginia creeper, is the deformation and shading of 
tree crowns which they cause. Substantial damage to seedlings and middle- 
aged trees is commonly seen. During eultiirai operations in the forest it is 
good practice to sever the stems of all vines which are climbing trees. Exi*ep- 
tions may be made where the owner wishes to retain the vines as soui’ces of 
food for wild life. 

. School OP Forestry, Yale Univb:rsity 
New Ha 
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the germination capacity of maize pollen having 

ABERRANT NUCLEP 

Frances Clark Beard 


• INTRODUCTION 

As a result of the action of the gene dv, divergent spindle, pollen grains 
of Zea mays may have unusual morphological organization. The frequency 
of their occurrence is high enough to test the germination capacity. Owing 
to the configuration of the meiotic division spindles in dv plants, multi- 
nucleate microspores and pollen grains are developed. At the time of the 
division to form the tube and generative nuclei, multinucleate spores appear 
normal when the complete chromosome complement is present even though 
the chromosomes are incorporated in several nuclei and are separated bj 
nuclear membranes. It has been thought that the germination of a pollen 
o'rain is regulated by the action of the tube nucleus (vegetative nucleus), 
Ind it was with reference to this concept that the germination of the 

multinucleate pollen grains was tested. 

Evidence will be presented that pollen grains of dv plants may have 
the chromosome complement of the vegetative cell distributed among several 
nuclei. The germination capacity of such pollen grains was of particular 
interest In a preliminary account (Clark 1942) it was reported that pollen 
grains having both more and less than the normal number of nuclei were 
able to germinate during the period of time allowed for germination. 

The recessive mutant dv found in maize (Clark 1940) is limited m action 
to the time of the divisions of the microsporocytes. Except for characteristic 
pollen abortion, the plants are indistinguishable from normal (Dv), and 
megasporocyte development is normal. When the recessive gene is present 
in the homozygous condition, the spindle of the first meiotic division diverges 
at the polar regions rather than having the characteristic convergence^ ot 
the spindle fibers. The chromosomes follow the form of the spindle tluring 
anaphase and thus diverge from each other. At telophase several nuclei are 
formed and one or more chromosomes are ineorporated m each nuc ens, 
Bach ek at the end of the first meiotic division has the normal chromosome 
complement characteristic of such cells although the chromosomes are dis- 
tributed among several nuclei. As a result of the multinudeate condition 
at the end of the first meiotic division, a multi-spindle condition is developed 

iThewrfe wishes to express her appreciation for the 
Geueties Department, Oonnectient Agricultural Experiment Station, New Haiui, Lon 
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ill the second meiotic division with each ■ ■ 

The several spindles may lie parallel 't . its own spindl... 

may be divergent. Thus a multinucleate condition 
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abortion (determined by eountins the nn present. The pollen 

having no starch relative to large, normallvfflL grains 

different samples taken from the same or difPe variable among 

as high as 90 per cent. different dv plants, but may be 

occurrence OP MULTINUCLEATE POLLEN GKAINS 
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generative nucleus divides and^tirie 
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(3) several nuclei in both the generativeT r^ “ cell, or 

that were made (Clark 1940) indicated 

most frequent. The division t the generatle 0 ,""? 

generative nucleus was not observed. 
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BEARD : MAIZE POLLEN 


Pigs. 1, 2, 3. Photographs of pollen stained with acetoearmine. Al>ont 350 x. Fkl I. 
Pollen grain with the normal organization. Two small sperm cells (long, narrow) and one 
vegetative cell containing the larger nucleus (tube nucleus) having a prominent nueleoiiis 
were present. Pig. 2. Pollen grain with two nuclei, each with a definite nucleolus. There 
was no division to form the two sperm cells from the generative cell. Fig. 3. Ptdlen grain 
with only one nucleus, indicating a failure of the mierospore divisions. 


However, pollen grains having the nuclear constitution shown in figure 4 
indicate that this division will oecur in male gametophytes whose chromo- 
some complement in the vegetative cell is included in more than one nueleiis. 

The nuclei in the pollen grain may be observed after staining and clear- 
ing either fresh or fixed pollen. Table 1 gives counts of the number of auelei 
in individual pollen grains obtained from two dm plants. The pollen grains 
with three nuclei, two sperm nuclei and one tube nueleus, represent the 
normal condition. The presenee of only one or two nuclei of the type shown 
in figures 2 and 3 suggests that the microspore divisions failed to take plat^e. 
When a single nucleus is present as in figure 3, there may have been no first 
division in the microspore to form the vegetative and generative niielei. 
When two nuclei were found as in figure 2, no division of the generative 
nucleus had taken place to form the two sperm ceils. The evidenee for tliis 
lies in a consideration of the size of the nuclei and the eharaeter of the 
nucleoli present. 

Since pollen grains in the category with two nuclei (table 1) all had 
a good nucleolus in each nucleus, it was evident that one was the vegetative 
nucleus and one the generative nucleus. Had they been pollen grains with 

TABLE 1. Number of pollen grams with the inMeated nuclei in malure poUen of 
dv/dv plants . . 


* Not ineluding small pollen grains and those devoid of starch. 


Plant 

■ " 

Distribution of nuclei 


TotaF 

2 tube 

2 sperm 

1 tube 

2 sperm 

Only 2 
nuclei 

Onlyl 

nucleus 

1.48-8 

0 

73 

29 ■' 

' ^10''" 

112 

166-13 

1 

332 

7 

18 

358 

Total 

1 

405 

. 36 ^ ■ 

, 28 

470 
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aronrihe chroinosomes distributed-^ 
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nucleus deficient for chromosome 6 does not have f A 

organized into a single nucleolus and HItaw,- ^ nucleolar material 

eiencies does not have an ort W 
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BEARD: MAIZE POLLEN , . , 4o3 

Alie silks and alio'vved to 'remain from 30 minutes to cme liour. With a loiijfer 
germination time, t'lie germ tubes of many pollen graiiis had peiietrated 
the silk as well as the silk hail’s, and the nnelei liad iiiig!‘ated iiito tlit» tiilies 
too far to be adequately observed. Many pollen grains adliert* to the silk 
hairs, and the germ tubes then penetrate the hair before entering the main 
part of the silk,' although the germ tube may penetrate the silk without first 
entering a silk hair. After the pollen tubes have penetrated tlie silk and 
started growing clown it, along a vascular bunclh*, it is diffimilt to determine 
, the position of one particular tube and distinguish its nuclei. During the 
time allowed for the germination test, the germ tubes usually had penetrated 
the silk hairs, anci the niielei wen* still in the [)olleu grain or were just 
beginning to enter the tu^^ 

, ■ After, the time allowed for this germination test, tlie silks were fixed 
in an acetic acid— alcohol . mixture (1:3) and stained with aec*tocar.mi,i,ie, 
clearing being done with chloral hydrate. During the fixing and staining, 

TABLE 2. Nuclei in germinated pollen grains of dv 
Nu'mbc^r of nuclei 


Plant 

> 3 

3 

2 

1 , 

Total 

137-6 

0 

131 

3 

2 

136 

137-6 

1 

■73 

3 

(i 

■ 77 

166-8 

0 

134 

0 

3 

' 137 

210-5 

1 

157 

4 

0 

162 

Total 

2 

495 

10 

5 

512 


pollen grains that had germinated remained well attached to the silk, and 
some grains which did not have tubes penetrating the silk hairs were also 
present in the preparations. The non-germinated grains whieli still adhered 
to the silks after fixation inclnded about 25 per cent of the total pollen grains 
present on the silk. 

The pollen grains that had germinated were classified according to the 
number of nnelei present, and the results are given in table 2. The germina- 
tion of pollen grains with less than three nuclei and more than three nnelei 
is illustrated in figure 5. 

^ , .The. number of pollen grains representing types with other than the 
.normal three .nuclei in table 1 consisted of 13,8 per cent of the total counted. 
In table 2, the number of such pollen grains that had germinated amounted 
to 3.3 per cent. It is likely that the time allowed for the expeiumeut was too 
short to test adequately the germination capacity of all the aberrant types 
even though they appeared normal with resjiect to walls, starch content, 
and size. 

The two pollen grains containing more than three nuclei listed in table 2 
possessed two tube nuclei and three sperm nuclei, an<l two tube nuclei aiul 
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A. Pollen grain with onT nueleur’^B*^ PoTk^ drawings of germinated pollen. About 400 x 
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the nuclear constitution. T ^ normal except for 
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^Eor 
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; Chambeiiain (1897), Smith (1898), and Fullmer (1899) have reported, 
observing mierospores with several tube nuclei, and also male- ganieto]')]iytes 
with niiiltiniieleate generative cells. It was not determined whether the <livi' 
sion of the . generative nucleus' took place in these aberrant male garnet o- 
phytes. Microspores defieieiit for part of the chromosoine complenient aiid 
defective in wall formation were studied by Barber (1941, 1942) and Sax 
(1942), They conclude that when a deficient mierospore remains partially 
attached to a normal mierospore, or when the two contain deficiencies that 
are complementary, normal development takes place. They, assume that the 
gene products which control the development of the mierospore are unable 
to diffuse through the cell wall to direct the normal development of the 
unattached deficient mierospores. 

A tube nucleus with the normal chromosome complement may control 
the germination of a pollen grain even though the sperm nuclei may be 
deficient in chromosome number. MeClintock (1938) and Rhoades (1940) 
have explained the transmission of deficient male gametes in this way. 

If there were an unequal distribution of chromosomes in the first micro- 
spore division of du plants, there could result a vegetative cell with at least 
the normal chromosome complement, in one or more nuclei, and a deficient 
generative cell. To test whether any deficient male gametes were transmitted, 
pollen from du/du plants was placed on silks of normal plants and tlu* 
chromosome numbers of 82 plants in the progeny were determined. Sevent 
nine plants were found with the normal chromosome complement (20), and 
three were heteropioid plants. One of the three was a tripioid, the second a 
monosomic (19 chromosomes), and the third had a complete deficiency for 
the long arm of chromosome 10, leaving the short arm a teloeentric fragment 
similar to the chromosome 5 found by Rhoades (1940). Although siiggestive 
of transmission of deficient male gametes, the counts are too few to jiistily 
a positive statement. 

Pollen from plants homozygous for du may give rise to a low frequency 
of aneiiploid progeny. Haploids could be expected if pollen tubes from 
grains containing only one or two nuclei should grow long enough to pene- 
trate the ovule and initiate ovule development. 


CONCLUSIONS ■ . ' ■ 

1. Evidence is presented from dv plants of maize that male gameto- 
phytes are able to develop a normal morphological organization when the 
ehromovsome eomplement of the vegetative and generative cells is contained 
in more than one nucleus. 

2. A pollen grain with a multinucleate vegetative cell is capable of 
forming a normal germination tube which penetrated the silk and continued 
to grow during the time allowed for a germination test, one hour. 
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A CYTOLOGICAL STUDY OF C-MITOSIS IN THE POLY- 
SOMATIC PLANT SPIN ACIA OLERACEA, WITH COM- 
PARATIVE OBSERVATIONS ON ALLIUM CEPA^ 

C. A. Berger and E. R.. ‘Witeijs 

This investigation arose,, in the course of a eoiiiparative. study ^ of pro- 
phase chromosome behavior at meiosis and polysomatie mitosis in t^phiaeia 
oleracea. Colchicine treatment was tried in the hope of obtaining a third 
type of prophase chromosome behavior in this material. Detailed eytologica! 
descriptions of the effects of this drug on cell division are few and incoin- 
plete. Most of the studies have dealt with MMum or Tradescantia and the 
treatment has apparently never been tried on a polysomatie plant. 

The effects of colchicine on Spinmia were so striking and so different 
from the effects on Allmm as described in the literature that it was thought 
necessary to make a series of experiments with Allium as continls. These 
experiments confirmed the opinion that there is a real difference in the cyto- 
logical effects of colchicine treatment in Spinacia and in AUkim, This inter- 
esting difference in the reaction of the two plants to the drug, together with 
the lack of a comprehensive cytologicai description of its effects on mitosis, 
prompted the present report. 

Following the terminology of Levan (1938), mitosis under the influence 
of colchicine will be termed c-mitosis, and the various stages in the process 
will be similarly designated. In describing colchicine experiments it is neces- 
sary to distinguish three types of effects as follows. Direct effects occur while 
the cells are under the influence of the drug, while recovery effects persist 
after the direct influence of colehieine has completely disappeared and 
transitional effects appear in early recovery before the influence of the drug 
is completely removed. 

The effects most commonly referred to the direct action of colchicine are 
the prevention of effective spindle formation and the delay in the division of 
the spindle attachment regions or SA-regions as they will be termed in tins 
paper. These two effects will be classified as primary direct effects. In addi- 
tion there are a number of secondary direct eff ectSf direet because they occur 
during the actual treatment with the drug, secondary because their imme- 
diate cause is not the presence of colchicine but either the absence ot aii effec- 
tive spindle, the delay in the division of the SA-region, or both of these 
primary direct effects. 

1 Publication of plates 1 and 2 is assisted hy the Lucien M. Underwood Memorial 
Pmid. 

2 Aided by a grant from the Penrose Fund of the American Philosophical Society. 
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are here classified as secondary direct effects n- , ' 

ehrom«»mes tie «-pdrs of Levao, too eh,„m„« pnSd at i e " 
untoKled SA-reg,op. (2, The long deration of e-metaph““dl 
' . «t forntation of an otg.nieed spindle. (3) The extreme 

densation freqnently found in ehromosomea at c-n.ernhir„”**“ T 
addihonal time allowed for the action of eoiling to ‘ trC7 
of restitution or reversion nuclei due to .u !' formation 

0) The variety 0 , ehapee «ed Cl fetto 

anonnt and dispoation of the disorgCd apCe anbstoeCw “ 

m cell size, due to failure of division tvi p i ^ i f substance. (6) Increase 
of division. (8) Secondary nairino- of i! ° fo failure 

anaphase separation of chromosomes. fo the absence of 

material and methobs 

cepa were used. Germilatin^'^Ss o^ variety) and of Allium 

cent and 0.25 per cent sXZs of f 0-06 per 

They were then washed in water for a haTL T’ 

at intervals of five, twenty-four, thirty-tl Lt^eiSt iTth 
three, sixty-six, sixtv-nine anti eta,, + d i ® fifty-three, sixty- 

of Aa,m were treated with a 0 0? Eoot tips 

twelve hour periods TheCere f ” 71 “« 

TheCCLCXeeCCofr ‘““t- 

acetic acid, and the Peulo-en stain e alcohol and one part of glacial 

was found to be Lef fS I Tt 

Saed in Ora, &.ti ,7 ^ 

Stained by the Peulgen technioue Aft « ?• sections were cut and 

five minutes of hydrolysis was roo' ' ^^tion in the Graf solution forty- 
material was all prepared in the'^r^ °f T'eulgen reaction. The Allium 
aceto-carmine and others by the Pe^en teehrqJe."°“" 

OBSERVATIONS ON ALLIUM 

Our observations on the effect of f.fvi.,L-„- . 

general agreement with those of Levan (mS) mrC “ "® “ 

the same material, and with those of Walkef (Cl o rr™ 

Beams and King (igsgi on TMn p u , Tradescanha and of 

the details of the^inf "mho however, to add to 

of the restitution or reversion nuc^^ ospeeiaHy m regard to the formation 
e-metaphase. These observations onTzZii” stoppage of mitosis at 

periments involving an ordcrcri • ^ complete series of ex- 

concentrations of colchicine Thev^^^^^^ ° treatments with increasing 
coichicine. They are a selected set of experiments designed 
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io verify tlie results of other investigators with respeot to those poiiits 
wherein a])parently differs from AlUitm hi the cytologi(*al res[ionse 

to the drug. 

Description of c-Mitosis in Allium. Prophase of mitosis ap|)f‘ars to 
proceed norinally in the presenee of colchicine. At very late prophase or 
prometaphase (pL 1, fig. 1) the ehromosomes reach their normal metaphase 
degree of eoiitraction. They have a clearly defined SA-region atul their divi- 
sion into chromatids is very evident. The cln'omatids are relati(mally eoiled. 
There is no nuclear membrane present at this stage and the ehromosomes are 
scattered in the center of the cell. In normal mitosis the chromosomes at this 
stage would congress upon the metaphase plate, their SA-regiotis wtaild 
divide and anaphase separation would take place. In tlu^ presenc'e of ('olchi- 
cine a well defined spindle is not formed and the metaphase stage, normally 
of short duration, becomes greatly lengthened extending over a period <d* 
four or five days, aeeording to some invevstigators. Evidem^e of this pro- 
longation of metaphase is had in the increasing number of metaphase stages 
found in the older preparations of a series. 

During this protracted metaphase the ehromosomes undergo marked 
changes. The relational coiling of chromatids is undone. The division of the 
SA-region is greatly delayed and the chromatids separate at all other |)oints 
giving characteristic X-shaped configurations similar to those seen at meiotic 
interphase. In normal mitosis these chromosomes would be undergoing ana- 
phase separation. Such pairs of chromosomes held together by an undivided 
SA-region are called diplo-chromosomes in this paper. The diplo-chromo- 
somes m Allium are usually arranged around the surface of an achromatic 
sphere (pL 1, figs. 2, 4) composed, according to Sliimamura (1939), of a sub- 
stance which normally would take part in the formation of the spindle. Dxir- 
ing e-metaphase the chromosomes continue to contract and become much 
shorter and more tightly eoiled than at normal metaphase. As the diplo- 
chromosomes undergo this shortening the divergence between their arms iu- 
creases (pi. 1, fig. 3) . This is probably due to the tightening of the coil rather 
than to anj^ repulsion between chromosomes. 

The division of the SA-region is long delayed but eventually takes place. 
The two members of a diplo-ehromosome now straighten out and fre<iuently 
lie in parallel arrangement (pi. 1, figs. 5, fi). They may be long or short de- 
pending on the time of division; they may be scattered (pi. 1, fig. 5) or may 
be arranged about an achromatic sphere (pi. 1, fig. 6). The division of the 
SA-region does not always take place at exactly the same stage of e-mitosis. 
Rarely chromosomes tliat are beginning to take on anapliase chromosome 
characteristics are still in the form of diplo-chromosomes (pL 1, fig, 7). 

Although some spindle substance is probably present in Alllmn during 
c-mitosis it never becomes organized into an effective spindle. There is no 
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aiiapliase movement of chromosomes. They remain in the center of the celu 
in the tetraploid number and begin the reversion process which results in 
a 4n restitution nucleus. This process is illustrated in plate 1, figures 7-15. 
The tightly coiled chromosomes, single or diplo, begin to despiralize and tO' 
take on the charaeteristics of anaphase chromosomes (fig. 7). This condh 
tion is followed by further despiralization and the accompanying physical 
changes normally seen in telophase chromosomes (figs. 8 to 12). A nucular 
membrane begins to form around the whole group or around smaller groups 
or isolated chromosomes. In most cases the presence of the achromatic sphere 
prevents the chromosomes from gathering together in one compact group 
and results in the strange lobulated forms assumed by early x^estitution 
nuclei (figs, 10, 11, 13, 14, 15). The sphere of spindle substance is slow in 
disappearing and the regions occupied by individual chromosomes are well 
marked until the restitution nucleus reaches the resting stage (figs. 11, 12). 

Apparently not all c-mitoses in AZZmm have an achromatic sphere stage. 
Scattered diplo-chromosomes and scattered singles are found in cells which 
give no indication of an achromatic sphere (pi. 1, figs. 3, 5, 16). This differ- 
ence in the type of c-mitosis may be connected with the mitotic stage of the 
cell when first subjected to the influence of colchicine. 

OBSERVATIONS ON SPINACIA 

Definition of Terms Covering Special Effects. C-mitosis in Spinacia 
presents some new and some slightly different stages from those described 
for Allmm and other material. The first of these differences is the scattered 
diplo-chromosome stage. The diplo-ehromosomes of Spinacia are similar in 
structure to those of Allium but differ in arrangement. When first found 
they are scattered irregularly in the central region of the cell constituting 
what is here termed the scattered diplo-chromosome stage. 

Another stage occurring frequently is the clumped metaphase stage. 
Here the chromosomes are aggregated to form a dense knot. In a few in- 
stances clumps were found consisting of pro-metaphase chromosomes. Most 
frequently they consist of the diploid number of diplo-ehromosomes and less 
frequently of the tetraploid number of single chromosomes. Cases are found 
in which one or a few single or diplo-ehromosomes lie outside the clump. 

Explanation of plate 1 

C-mitosis in Allium ce'pa. Magnification of all pliotomicrographs x 7^0. Fig. 1. Pro- 
metaphase. Fig. 2. Diplo-ehromosomes around achromatic sphere. Fig. 3. Scattered 
diplo-ehromosomes. Fig. 4. Diplo-ehromosomes around achromatic sphere. Pig. 5. Scat- 
tered single chromosomes. Fig. 6, Single chromosomes around achromatic sphere. Fig. 7. 
Achromatic sphere with diplo-ehromosomes in anaphase condition. Figs. 8-11. Early 
reversion phase, chromosomes in anaphase and telophase condition around remnant of 
achromatic sphere. Fig. 12. Reversion nucleus with chromosomes in telophase condition 
and no evidence of achromatic sphere. Figs. 13, 14. Early restitution nucleus lobulated 
in shape. Fig. 15. Restitution nucleus. Pig. 16. C-metaphase and restitution nucleus 
without achromatic spheres. 
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Otliex clumps of a looser nature are also found. Tliey are apparently of 
a liiglier degree of polyploidy than clumped metaphases. The chromosomes 
single or diplo, are not exees.si 2 -ely condensed and radiate out from the center 
like spines. This is called the echinus stage (pi. 2, figs. 38, 33). 

Another stage of fre(pient occurrence in S’piwacja but lacking in AUiiitH 
and appaiently in other material thus far investigated is the proidiromosome 
stage. The term prochromosome is here used not in its current cytologi(‘al 
meaning but in a sense similar to that of Wilson (1925) in his description 
of insect spermatogenesis. It refei’s to the entire chromosome in a highly 
■condensed state, being shorter and broader than at c-metaphase. A series of 
proehromosome stages from sectioned material is sliown in {)late 2, figures 
19-23. Similar stages from smeared material are illustrated in figures 30 
31, 32, 33. 

The term reversion phase or restitution nucleus formation, is applied to 
the stage during which the prochromosomes revert to the resting stage con- 
dition. 

Experimental Results. A 0.25 per cent solution of colchicine was found 
to be the most suitable concentration for Spinacia and was used in most of 
the experiments. A 0.06 per cent solution brought about similar effects but 
they were neither as numerous nor as striking. The results recordeil here 
were all obtained after treatment with the 0.25 per cent solution. Root tips 
of germinating seeds were exposed to this concentration for one, five, and 
twelve hour periods. The twelve-hour treatment was found to be too long 
an exposure, causing the death of the root tip. 

Results of One-Hour Treatment with 0.25 per cent Colchicine. Mate- 
rial treated for one hour and fixed after one-half hour washing showed very 
few clumped metaphases, a few scattered diplo-chromosome stages and no 
proehromosomes. Some normal metaphases, anaphases, and telophases were 
present in cells that were either at metaphase with a fully formed s{)indle 
■or at some later mitotic stage when first subjected to colchicine. In material 
treated for one hour and fixed five hours later the number of clumped meta- 
phases had increased, there were few scattered diplo-chromosome stages, no 
prochromosomes and no normal divisions. In tips fixed twenty-four hours 
■after treatment a bulbous swelling directly behind the meristematie region 
was evident. The number of clumped raetaphases had greatly increased and 
there were many scattered diplo-chromosome stages. Prochromosome stages 
appeared for the fii-st time, indicating the beginning of the reversion phase, 
and a few normal metaphases and telophases were present, showing that 
recovery from the influence of colchicine was beginning. Forty-eight hours 
after treatment the bulbous swelling was less prominent, the clumps, pro- 
•chromosomes, and scattered diplo-chromosomes had disappeared, and normal 
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divisions were present. Evidently recovery from one hour treatmenf i. • • 
after twenty-four hours and is complete after forty-eight hours. 

- ret7J~ *- 

some dumped metaphases, a few scattered diplo-ehrom™ ome? 
mosomes and a few prophases. Five hours later there were 
metaphases, no proehromosomes, some scattered dinln eti ’^niped 

normal cUvisions. Tips flx«l twenty ^r h S eynoT”'* 
played a bnlbons swelling just behind the meristm^L rSon Tr’“ 
many clumped metaphases present, some scattered dinlo ehrn 
proehromosome stages but no normal divisions FoLv-tFTtT'^t^^ 
treatment tlie swellino* was still -n-rpQanf i 4 .i ^ it hoixis after 

phases, some scatter^ ZlSte„r.l?t T 

stag.. There were no n.^f ZZZ CrdZtZrZh ‘'“'"T' 

treatment were very similar to those fixed after forty^S ho^ ^ '' 

three hours the swelling was smaller and i 7 

still present. There were a fewT«S slumped metaphases were 

mosomes, and a tew m^JZIT *P'»-*'-»™somes, some prochro- 

atter treatment the swelling had d'*"* anaphases. At siitj--sij hours 

metaphases, no scZeSl Zlo ej ™re no dumped 

maldZionsZe ZZ tZITT'- P^'^^mes. Nor- 

treatment showed similar resum. seventy-two hours after 

mftZphTcZTrrlr represented in the accompany. 

hoZand aZhon, treaZ T7“T a>'»™ “at onl 

effects. After Z holtZm^r® * »' '^'a'-^-l 

hours; after sZtZr ZZn^T’^ ™ 
and ^orery 

than the sZtterZdTpkl''”'”'’''’ always more numerous 

duratiol Th ‘”0 «« probably of longer 

as the dumZ mZntatf n “mo type of euiye 

chromosome stage appeared’ l.Z “ff'ar “nd disappear together. The pro. 
ehroraosomes, richcZ maiin,* f"*“ scattered diplo. 

disappeared it complete recoveZ **•« m the effective period and 

couSeZ mZt beZcftdtndST ”/ 

sectioned material however if ^-p the tip. After eAxamining 

regions of the meristem nlerom^^* stages occurred in all 

DescrintinZ^r t?’ Penblem, and dermatogeu. 

under the influenee^^of coleF Spinaeia as in other material 

mosomes contaTata „ "»™ally. The chro. 

{pi. 2, fig. 24) There is no e '7^ m^phase length at late prometaphase 
4 ). ihere m no evtdene. of any spindle formation and the ehro. 
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• CliMped iaetaphas«6 
A Scattered diplo-chromosomes 
O Prochromosomes 


Fig. 17. Frequency of definite effects in Spinucm at various time intervals after five- 
liour treatment witli 6.25 per cent coleMeine. Fig. 18. Freqnenc'y of definite tdTects in 
Spinaeia at various time intervals after onediour treatment with 0.25 per cent colchicine. 
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mosomes do not undergo congression on an equatorial plate but remain 
tered in the center of the cell in their prometaphase positions. Th^^“ i 
ion may be considered as the beginning of c-metaphase. This stao-e imth' 

ogous of the diploeh«omes diverge at their free 

gene. ,s not » prononneed as that found in AUium and may be ttl'; 

act, „ of repniston forces or, nrore probably, to the entrertigh'n 

d.n« 'cirr^ 2‘4rtr;r? "r • 

^ Ulup ypi. ng. A(). ihe division of the SA-reoion nQuaiUr +.t 

place while the clomping is in progress and partial elnnTps ar” onnd^th 
either diplo-ehromosomes (fig. 28) or sino-les tfio- oq^ 

S' SL^Ltf-fh *’■“ ““ --2r:“c“;“' 

nn^mbe’r. 

nteljr’r f r" “““Plosea increases with the 1^“^ 

rj£“SS3i?-— 

=:ssa==E=s= 

-«ptfe'Sl— np, te^rgirr 

with the SA-region no longer discerniL (pi Tflgs” 19-22^117*^ 

Rro indieatio’n<? nf r»iiT»rhTv» +* • d2i). At timos there 

(%s 20 21) Anuel™ “r°° '>*‘»“n the chromosomes 

yg^20^ A nnelear membrmie m formed a t this stage. The nneleus en- 

. Explanation of plate 2 

19-23. Series of pSromlomeTta^s^rom photomicrographs x750. Figs. 

from smear preparations. Fig. 24 T material. Figures 24 to 40 are 

Fig. 26. Scattered singles. Pig. 27 Clnnrnp/i^^^ + diplo-cliromosomes. 

with two scattered diplo-ehromosomes Pir^ PO ^ n metaphase 

singles. Figs, 30-33. Successive nroohr-nmi?* metaphase wdth a few scattered 

ing pro chromosome stage. Pig. 35 ■Rp«ti+ some s ages. Pig. 34. Eeversion phase follow- 
<iytoplasm. Pig. 36. Secondary nairino- • ^ with one diplo -chromosome in the 

<iary pairing at early c-metaphLe of au ^ octoploid cell. Pig. 37. Seeon- 

chromosomes. Pig. 39. Echinus stafyp -ttri+ii ^ stage with diplo- 

stage in, an oetoplold cell. ^ sing e chromosomes. Pig. 40. Prochromosome 
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larges and the ehrouiosomes heroine evenly spaced about the periphery (figs. 
22/23), the general appearanee being similar to that of the prelefitotene 
proehromosonie stage described in insert si)ermatogeriesis (Wilson 1925). 

As the prochromosomes become more widely spaced they begin to de- 
spiralize .and the SA-region again becomes evident. This despiralizati(>n is 
apparently twofold, consisting of a slight separation of tiie gyres in tlie 
central region of the chromosome and a mnch more marked relaxation of tlie 
coil at the ends accompanied by a loss of ehromaticity (pi. 2, figs 3fb"33). 
This terminal relaxation of the coil (fig. 33) progressively involves a greater 
part of the chromosome while the proc^iromosomal or more condensed rt^gicm 
becomes smaller and eventually disappears. At the end of the prcH'hromo- 
some stage the chromosomes are in tlie form of thin threads in a uniform 
relic spiral (fig. 34). The remainder of the reversion process consists of fur- 
ther despiralization, attenuation of the chromonemata, and loss of cliro- 
inatieity. In this way a tetraploid resting nucleus is formed. 

When a tetraploid cell enters prophase the twenty-four eliromosomes are 
associated in twelve pairs. This primary pairing is probably an indirect 
effect of coleliieine treatment being due to the lack of anaphase sepai-atioii 
in the previous c-mitosis. 

Octoploid cells were found which showed the forty-eight chromosomes 
associated in twelve groups of four chromosomes each. This secondary pair- 
ing is seen at prophase (pi. 2, fig. 36) and at early e-metaphase (fig. 37) be- 
fore the scattered chromosomes undergo elnmping. Such cells were normal 
polysomatie paired tetraploids which underwent one e-mitosis, becoming 
secondarily paired oetoploids. Similar secondarily paired oetoploids ccnild 
preKSUinably have arisen from diploid cells by two successive e-mitoses. In tlie 
present case this possibility is eliminated by the experimental data (figs. 17, 
18) which shows that only one complete c-mitotie cycle occurred hi these 
experiments, although some prophases of a second e-mitosis were found. 

The clumped metaphases of polyploid cells are looser than the diploid 
clumps and the chromosomes, single or diplo, radiate out like spines (pi. 2, 
figs. 38, 39). This is the eehinus stage. The prochromosome stage (fig. 40) 
and later reversion stages in polyploids are similar in structure to those of 
diploid^ cells., 

DISCUSSION 

The most significant difference between c-mitosis in Alltum and in 
SiAnacia is the presence of an achromatic sphere in the former and its total 
absence in the latter. Shimamura (1939) is probably correct in bis view that 
the achromatic sphere is formed of spindle substance which is not organized 
into an effective spindle. Apparently the protoplasm of Spinacia is of such 
a nature that it is unable to form any spindle substance in the presence of 
colchicine, while the protoplasm of AlUum does elaborate some of the mate- 
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ml necessary for spindle formation. In the absence of the achromatiV . i, 
the chromosomes of Spinacia form dense elnmr>« at sphere 

dipio 0, 

“ , by restitution nuclei in /(W 

due to the persistent presence of the snhere whiVti «« +• ^ are 

reversion plane and hinders the tesociation of the chroaoZes Jf. 
restitution nucleus. Multinuclefli-P ttoiia -pro -xt osomes in a common 

and iohniated nneiei a^.'‘7dnft: 

rrr“e” 7 ”Lrjr = :srs 

Another striking difference between iSumucm and ft //odtao • xi. 

^the prochroaosoae sag. in .^“atfrhrefrr”' 

m X -x • suggestion as to the cause or significance of ttn-g. xIup 

That It IS a colchicine effect is clear since tbe.e i! 1 difference, 

stage in untreated material. nothing resembling this 

SUMMARY 

snblSeifpXtd ^d^rs ”7““r' 

which the dipMroaosoaea gather at cTetiTse”"””'"*’' 

the diplo-efeomosomes form dl'se d^mpf afc^mdapW 

the preseLrS7e7Z7.& *» 

5 T^cW^" 'p regularly spherical or nearly so 

struct nTZn^^rtir ”? 

chromosomes. "“““I ““Phase and telophase 

reset elo ««* 

- the Proehrl„some‘:S7ttrster.?i7Lr“^‘ * 

Biologic^ Laboratory, Fordham University 

New York 
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BO T A N I 0 A 1/ C L D B 
SKiTKMUKll, I'.t-i:: 

MORPHOLOGICAL VARIATION AND CYTOLOGY OF 
BROMUS INERMIS* 

iRvmG William Knoblo^^^^ 

Bromus mermis Leyss., smooth brome ^Tass, was iiitnaliitaHl into this 
country from Eurasia about 1882. The s|HH*ies is a |au*iuiiiiaf wliicli 

spreads, rapidly by rhizomes, and is a valualile jLn*assIaiu! and forap‘ vrop fen* 
the prairie and plains states from Canada to Kansas. Erimie unass survives 
under adverse soil conditions and is more drou<i1d-n*sistant tluiii scune mori^ 
commonly used grass species. 

Variation has been noted in this species by several investigators. 
Zlierebina (,1931,. 1933)^ Waldron (1921), Keyser (1913), am! Frolik and 
Newell (1941) noted that Bromua inermis varies cousitlerably in iieight, 
bushiness, seed pimduetion, yield of hay, length ami wi<ith of blade, protein 
content, rhizome development, heat and drought tolerance, ami disease re- 
sistance, The present study of variation empiiasizes, for the most part, 
characters not studied by previous i,nvestigators. In .compiling the known 
ranges of measurements for eleven characters in Bromnn inermis, m shown 
in table 1, man}" authors were consulted, but no higher or low'er limits for 
the characters were found than those provided by Ilegi (1906), lIit(*hcock 
(1914,1935), .Shear (1900), Waldron (1921), Stebler and Sebroter (1889), 
Armstrong (1937), Beal (1896), and Nowosad, Swales, and Dore (1936), 

The cytology of smooth brome grass has also been imu‘stigated. Avdidov 
(1928, 1931) reported the diploid number to be 56. Stiihlin (1929) recorde<l 
the diploid number as 42. Nielsen (1939) confirmed Avduiov^s count and 
added a 70-chromosome race. 

The present study emphasizes the range of morphological variation exist- 
ing in the species. The chromosome counts on numbered strains am! seletf- 
tions will faeilitate breeding work and the ultimate pnaluctiim of desirable 
types for local conditions. 

MATERIALS AND METHODS 

The plants used in the present study were obtained from the fo!‘age 
crops breeding nursery of the Iowa Agricultural Exjieriment Station, Ames, 

1 Portion of a, dissertation submitted to the (Iraduate Faculty of L)wa Stati* (VUlegi* 
in partial fulfillment for the degree of Doctor of Phi}osoj>by, 

‘■i The writer wishes to express his appreciation to Dr. .1. F. Suss for suggesting tin* 
problem, and for helpful encouragement and advic<‘ throughout the cmirst* of the investi- 
gation and during the preparation of the manuscript. Thanks are also diu‘ to Hr. D. J, 
Goodman and Dr. I. J. Johnson for advice and ro I.>r. i\ P, Wilsie for Hie usi* of the 
brome grass plants in the forage crops nursery of the Iowa Agricultural Experinumt 
Station. 
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Iowa. These plants had been established from open-nolIiTiatAH • i 
selections from many sources. Measurements made on plants 
diffeient strains and selections were compared with the published 
measurements. In the eytological investigations plants hem 
different strains and selections were used BothVLt f fifteen 

and Carnoy’s fluid were used and a er^Jci i . formula, PAA, 

avaa follow^. ’ atammg techaiqu^ 

morphological variation 
The characters selected for a stndv ef -,rov.i„+- 
»'hieh sh„„ the t„„,p r.p;i“Lrre«d“iu'' 
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omitted from the table beeau<^^^^^ exist. Certain characters have been 
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range: width of blade, height of panicle, length of Hpikelet, length of tirst 
glume, length of second glnme, and length of palea. Table 1 shows, thei-efore, 
that Bronius vicrmis varies considei'ably in the eleven selected chariicters. 
Wide variation was also found to occur within particular strains or 
selections. 

MITOSIS 

Mitosis is observed most easily in the root-tips. In addition to tin* nuclear 
reticulum, each prophase nucleus contains 1-5 usually spherical nucleoli 
varying from 1.4 to 6.8 microns in diameter. Somatic ehroinosonies at meta- 
phase are predominantly J- or V-shaped (fig. 1), with sub-median or 
median spindle-fiber attachments. Chromosomes vary in length from 4.4 tn 
6.8 microns and are approximately 0.6 microns in thickness. 


Pig. 1. Mitotic metaphase in a root tip cell of a hexaploid plant (2u = 42)» x 8U0. 
Pig. 2. Metaphase of first division in a pollen mother cell of a hexaploid. x800. PiG. 3* 
Metaphase of the first division in a pollen mother cell of an octoploid (2ii=: 56). x 1,500. 

Mitosis appears to be rather regular in the root-tips of smooth brome 
grass. Precise metaphase alignment of the spindie-fiber attachments occurs. 
No evidence of lagging or other irregularitj was noted. 


■ MPIOSIS., 

The pollen mother cells are favorable for studies of some aspects of 
nieiosis. Early prophase studies were not emphasized. Late prophase chromo- 
somes are all straight rods, and during diakinesis they range in length from 
2,6 to 5.2 microns. One nucleolus is present in prophase and persists up to 
late diakinesis. Usually all the pollen mother cells of a field exhibit the same 
stage of meiosis, but occasionally both metaphase and anaphase or even 
metaphase and telophase figures are found together. 

At metaphase the chromosomes range from 1.3 to 2,6 microns in length. 
Usually the metaphase plates exhibit only bivalents, but occasionally both 
bivalents and univalents are found on the same plate. 

During anaphase, marked irregularity is evident. In some cells a few 
chromosomes reach the polar region well in advance of the majority. More 
frequently, a few chromosomes lag and reach the poles late. Some bivalents 
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evidently fail to disjoin as quickly as others do An umicnni 

whia 28 bivale.te, ,h. „„™al Lmbar tht “ 

Manj of the laggards arrive at the poles in time to ho ir^.i a 7 
telophase nuclei. Frequently, however one or moro oh ^ the 

observed lying in the cytoplasm near the reorganized imcleTThese cT'^ 
« pro .bty didptegrate, for Urej are p'ot of,."” :; I .JZT 
Oee«.onaHv, chroraoeomee beeome eameehed in tie partition n-all ,t 


me second division follows the first division onicMv Wh. • ,, 
oriented at right angles to the spindle of the first dhdsion and inX '' 
plane, resulting in the four microspores lyiim' in one niane Tn 
second division exhibits regularity, but precocious as well as ' an 
phase separation may be observed. The four microspores freouentlv a 

tr::rT„:r‘ zn:;;: 



An examination of 27 plants belon; 
showed that five of the plants have 
plants have a diploid number , " ■ - • 

In view of the fact that Bromus 
and that cross-pollination freelv 
is responsible for i " ' ' 
regularities may furnish t ' ' 

cies. It is also probable that the 
expression of the characters. 

DISCUSSION 

The present study of variation in smooth brom 
variatmn m six characters than hitherto reporte. 
variation in morphological characters, smooth broim 
grass species. For example, Wilkins (1928) noted 
thim ^nd Triticum; H. Witte (1912) found plai 

and Avena 

e' Tf Ba 
(1910) studied variation in Phleum pratense pa 

Sansome (1927) executed variation studies on 

Zfde'Z: " 

Muntzing (1936) estimated that at least 100 spec 

showT"" TT''®? “ chromosome r 

bt such as PJileum pratense, P. alpim, Aegilops 
Festuca ovma. F. m- ^ ’ ,7 “'7^^ 


'mg to lo strains and selections 
a diploid number of 56 (Gs 3) and 99 

of42(fig. 2). A diia^z 

...o' inernus varies greatly morphologically 

some of the known chromosome irregularities. These ir- 

-1 a basis for the morphological variation in the spe- 

environment exerts an influence upon the 
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Fiilts (1942) found .six biotypes in Boutelmm graeilk. Raneken (193,4) 
noted that.Fest'H.cft pratensis^ Poa pratemis^ and Alspeeurns pmiemk vary 
among* tlieinselves. 

, 111 the present study, five of the twenty-seve.n plants- are. oetoploids and 
tiventy-two plants are hexaploids. Avdnlov’s and Nielsen’s (dirohu^sonie 
eounts of 56 and Stalilin’s eoiiiit of 42 are all eonfirmed. No rare with 70 
eliromosonies was found such as Nielsen reported. 

SUMMARY 

Measurements on eleven morphological eharaeters in Bromm 
revealed six eharaeters which vary to a greater extent than ])revir)nsiy re- 
ported. These six eharaeters are : blade width, length of panicle, length of 
spikelet, length of first glume, length of second glume, and length of paiea. 
Mitosis in the root tips is regular. The somatic chromosomes range in 
length from 4.4 to 6.8 microns and are approximately 0.6 microns in diam- 
eter. Metaphase meiotic ehromosomes range from 1.3 to 2.6 microns in 
length. Precocious disjunction and lagging were observed in the first and 
second divisions. 

Twenty-seven plants belonging to fifteen strains and selections were ex- 
amined for chromosome number. Five of the plants have a diploid number 
of 56, and 22 plants have a diploid number of 42 chromosomes. 

Natural crossing between the highly variable strains and selections is 
believed to account for at least some of the chromosome irregularity ex- 
hibited by the species. Meiotic irregularities in the pollen mother cells possi- 
bly account for some of the morphological variation shown. The eiiviroiiment 
may affect the expression of characters. 

Department op Botany, Iow^'a State College 
Ames, Iowa 
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PLANT SUCCESSION ON TALUS SLOPES IN NORTHERN 
IDAHO AS INFLUENCED BY SLOPE EXPOSURE^* 

R. P. Daubenmire and A. W. Slip? 

One of the most eonspiciioiis features of the forested regions of northern 
Idaho is the small treeless areas which occupy portions of the southerly ex- 
posures of especially prominent peaks and ridges. These areas, sometimes 
referred to as parks or balds, begin at the summits of the prominences and 
extend down over the south-facing slopes sometimes as much as approxi- 
mately 200 m. Each park is essentially an island of prairie-like vegetation 
surrounded by belts of shimbs and scattered trees, and then by dense forest. 
Pew if any of the mountains of northern Idaho are high enough to have a 
climatically determined upper timberline, so these parks are not to be con- 
fused with alpine vegetation. 

On an east-west ridge in Bonner County, Idaho, approximately midway 
between Priest and Pend Oreille lakes, the writers were attracted by a series 
of open talus areas on the north slope wRere the climax vegetation is forest, 
and to one wdiieh is located on exactly the opposite slope in a park (fig. 1). 
These talus areas seemed to ofiEer an exceptionally good opportunity to com- 
pare the effects of conditions associated with slope exposure upon the course 
of vegetational development on bare areas otherwise identical. Talus slopes 
are abundant in the northern Rocky Mountains, but observations were con- 
fined to the opposite sides of this single ridge in order to eliminate variations 
in maeroclimate between bare areas. The twm rock slides studied are exacdy 
opposite, about 300 meters down the slope on either side of the crest of the 
ridge. 

The talus on both exposures consists of blocks of metamorphosed granite 
which for the most part vary between one-quarter of a meter and one meter 

1 The writers are indebted to the Northern Bocky Mountain Forest and Bange Ex- 
periment Station for the nse of laboratory and other facilities of the Priest Biver Experi- 
mental Forest which were of material assistance in making this study. 

Fio. 1. General view looking east along .Looking Glass Bidge, The rock slides studied 
are in the distance just below the highest knob on the horizon but not visible in this 
photograph. Just within the forest toward the top left corner of the picture is an area 
where the topography favors such a heavy accumulation of snow that the trees are ex- 
tremely dwarfed and misshapen. Fig. 2. General view of fir forest on the north side of 
Looking Glass Bidge. Note upper edge of park on opposite (south-facing) slope in dis- 
tance. Elongate strips of vegetation on talus in foreground consist chiefly of Menziesia 
ferniginea and Abies lasiocarpa. Fig. 3. Edge of talus on south-facing slope showing 
mats of Eriogonum snbalpimim invading the rock mass and preparing the way for grasses. 
The stake is marked o:ff in decimeters. 
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ill diameter. Among* these angular boulders there is praetically no finer 
detritus to serve as soil material. This lack of soil and the instability of the 
surface layers of rocks are the two major factors which have long retarded 
the colonization of these areas by plants. 

f ' 

SUCCESSION ON THE NORTH SLOPE 

Succession is initiated on the north slope by mosses which become estab- 
lished in the niches formed by the accidental arrangement of boulders. 
Around the periphery of the open expanse of talus, where nearby trees can 
exert a sheltering influence, the mosses are very aggressive in that they seem 
not to demand a better substratum than is provided by the bare rock surface, 
and the colonies soon spread so as to completely cover the walls of the niches. 
Toward the central part of the open talus area mosses seem more dependent 
upon a previous accumulation of weathered rock fragments or bits of litter 
blown from the forest, and the colonies do not spread so vigorously as near 
the edge of the forest. The advent of vascular plants, and therefore the con- 
tinuation of the sere, seems in every case to be dependent upon these moss 
colonies which provide lodging for the disseminules and hold sufficient mois- 
ture to supply the seedlings until their roots have extended down tlirough 
the cool moist cavities among the talus blocks to the more permanent mois- 
ture supplies which lie below. 

The pioneer vascular plants which enter upon the mosses likewise reflect 
a slight differentiation between the central and peripheral portions of the 
talus habitat. Usually herbs such as CheUanthes gracillima I). C. Eaton, 
Cryptogramma acrostichoides R. Br., Aquilegia ftavescens S. Wats,, Angelica 
sp.f Penstemon fruUcosus (Pursh) Greene, and Armca sp. follow the mossevS, 
but in peripheral regions the shrub Menziesia ferrnginea Smith may enter 
the sere at this point. Over most of the talus a wider variety of shrubs includ- 
ing Bibes viscosissimnm Pursh, B, lacustre (Fevs.) Poir., Sorhiis occidemtahs 
(S. Wats.) Greene, Samhucus melanocarpa A. Gray, and Amelan- 

ohier follows the establishment of the herbs. Thus far there is hardly enough 
interrelationship between the individuals representing a given stage in suc- 
cession to refer to each stage as an association. However, the next clearly 
marked stage of development is a closed association dominated by 3ienziesm 
ferTuginea Sm. and Xerophyllum ienax (Pursh) Nutt. The slight difference 
in suceessional trend between peripheral and central parts of the talus slope 
praetically disappears with the development of the Menzksta-Xerophyllum 
.thicket. ' 

The climax clominant, AZ)ies lasiocarpa (Hook.) Nutt, germinates in the 
‘Shelter of the association, and the final adjustments 

leading toward stability come about as the trees increase in size and abun- 
dance so that a closed forest is formed, ilfeawsia and which 
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are the dommants of the preelimax association, persist as the most important 
plants m the dense undergrowth of the forest. Stability is finally attained 
y the replacement of relic herbs and shrubs of the open talus' by minor 
constituents of the climax forest. '' “ 

In general the initiation of succession upon this north slope is nearly 
independent of talus activity, but the continuance of succession at a given 
b^l depends. upon comparative stability which may be provided 

. 1 ler opographie or substratal features. Rolling fragments tend to con 
verge into valley-like depressions down which boulders rdl frequ ntl> ll 
mg alternating strips of relatively stable material. Also, less Lmish’e bnt' 
nioie permanently stabilized areas may be provided in the lee of exceptioil 
any large boulders which are too deeply imbedded in the detritus to be 
affected by surface movement. Small rocks are diverted to each side of these 
aigei boulJr.s leaving quiescent areas on the slope immediately below The 
uslanddike thickets which develop at such places always expand most rapidlv 
HI a direction at right angles to the contour lines, down outf 

cen material which alternate with paths along which tL moveir of 
boulders IS aetn.. The forest stage makes its first appearance as “0] 
A^np extending dovm the axis of these elongate islands of shrubby vegetation 

^«rth slope, as described above, may be expressed in a 

simplified diagram which shows the chief stages as follows : 

Abies-Menziesia Association 

t 

Menziesia-Xerophyllum Association 

. ^ \ 

crevice shrubs Menziesia 

t /’ 

crevice herbs 

t \ 

(non-peripheral^ (peripheral) 


moss mat 


talus 


SUCCESSION ON THE SOUTH SLOPE 
as St Zfthe fortl" ""'hr 

factoi iir^eto^^ so that instability is here not so important a 
adequate wLr-holdt? however, the lack of a substratum with 

this slope that desnitp appears to be so much more important on 

the tallhere is Xst as^ '"'"f ^ 

neie is at least as slow as on the north slope. 
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Moss patches, whicii on the north slope fostered the development of 
islands of vegetation at scattered loci over the tains surface, are almost 
entirely lacking on the dry south slope and invasion is aeeoniplished by the 
marginal encroachment of vascular plants unpreeeded by cryptogams. The 
erustose lichens, which are fairly abundant on the rocks here, seem to be 
wholly inconsequential in the establishment of higher vegetation. 

Eriogomim suhalpimim Greene is the most characteristic species leading 
the mass encroachment of vegetation onto the loose rocks (fig. 8). The dense 
mat of low stems and leaves produced by this plant is admirably suited for 
the aecumulation of litter and wind-borne mineral fragments. The fringe of 
Eriogomim about the open talus is thin and frequently discontinuous, and 
in places dead, wind-eroded Eriogomim mats demonstrate that plant suc- 
cession on this slope is vulnerable to reverses during seasons of exeeptional 
drought. 

Immediately behind the Eriogonum fringe occur the species which com- 
pose the prairie-like climax. As stated previously, the permanent plant cover 
on the most exposed portions of the park is a grassland, while on less exposed 
situations occur individual trees or small groves of Pimis alhkimlis Engelm., 
Pseudotsuga iaxifolia (Poir.) Brit., and occasionally lihUs lasiocarpa (fig. 
1). There is no evidence whatever that the trees can increase to replace these 
grasslands under the existing climatic conditions. Among the most conspicu- 
ous vascular plants of the grasslands are : Festiica idahoensis Elmer, Agra- 
pyron spieatum (Pursh) Scribn. & Smith, ^ XerophyUiim tenax (Pursh) 
Nutt., Gar ex geyeri Boott., Arenaria formosa Fischer, 
lamtlosa Nutt., Aster stenomeres Gray., Benecio mtegerrimiis Nutt., Hier- 
acium albert imim Farr. The relatively simple succession on the south slope 
may be diagrammed as follows : 

Forest Association 

t 

! 

(less exposed sites) 

Festuca-Agropyron Association 

■■ .■ t .. . 

Eriogonum 


TALUS 


In spite of the short distance separating the two talus areas described 
above, there is an extremely sharp difference in the seres and the climaxes 

2 In tills partieular park most plants are of the awnless form, although a tew indi* 
Tiduals possess short awns. 
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ill which tlie.v culminate. Even the floras are almost wholly distinet-tho 
spemes m common is Xerophyllum tenax. These facts must be interpreted as 
indicating the existence of some factor or factor-complex which nf / ^ 

z:£~ ““““ 

.vapopation, and temperature on the south 
and the ehmax srassland on the south slope. The data obtained (tabl'T, 

C O . weS ksr o garzrsg; 

— of instruments North 

Open talus ~ ~ ~ — ^ ^ — 

Large area dir, 

Small area ■■■'■■ nH 

Climax vegetation .. fjo 


Bmidfe^ha^ - tbe cl^^;;^ 

decreases less as a resuft of „ ^ areas (b) the severity of this factor 
and (c) the e4por2n i 

succession here for the evanorat^^ ^ critical factor governing plant 
slope may be glater ^Ln large talus areas on the north 

type of Tegeta^W devel ' T'' The 

rather than with the size of the^tal direction of exposure 

tiallv identical on larwe anrl ' 1 " ^'^acessional pattern is essen- 

p™bl™''ha“Jtrm.de o”„Ttr“/n *» «■' P”*'" 

of the ridge by Hayes. => He ma' and south slopes near the west end 

slopes during the summer month^ fo^^^ stations m open situations on both 
that although siLTr ! 1 " f His data show 

4.5 feet above rgroun^l T ^’’^“idity (at 

velocity on the south slope averagS^lm^T^^ 

the 3-vear average of Tn<=.ti;a ^ “-P-h. greater than on the north, and 

148° F. on the south slope in <latf surface temperatures was 

slope in contrast to 111 ° on the north slope. 

of forchst-fire danger. U. 8 .IXA™cLe.^ 59 !u*i^ 39 ^“‘^ variations in factors 
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The possible iniportaiiee of lethal soil surface temperatures in the present 
problem can be discounted at once, because species characteristic of the north 
slope cannot grow even in the shade east by the dense tall grasses which cover 
the south exposure. 

Although measurements of wind and of duff moisture both indicate a less 
favorable water balance on the south exposure, even their cumulative in- 
fluence is not commensurate with the great difference in vegetation on the 
two slopes. Clearly none of the atmospheric conditions measured by Hayes 
or by the writers differs sufficiently in midsummer to account for the vast 
difference in xerism which is indicated by the vegetation itself. 

Two aspects of winter climate seem to deserve consideration with regard 
to this problem of environmental differentiation. There is abundant evidence 
in the Rockies that at upper timberline strong winter winds may evaporate 
more water from trees than can be absorbed from the cold soil so that winter 
killing results. This form of injury invariably results in strikingly asym- 
metrical trees, and since the pines and Douglas firs around the open grass- 
land on Looking Glass Ridge are neither uniformly nor strongly asymmetri- 
cal, the writers do not believe that winter winds are siiffieiently strong to 
account for the differences in water balance on the two slopes. 

Another phenomenon associated with winter is the difference in amount 
of snow accumulation on the north and south slopes. A very high percentage 
of the snow which falls on the south slope is transferred to the north slope 
by wind action, even though the wind is not strong enough to distort the trees. 
So deep is the accumulation of snow just to the lee of the crest of Looking 
Glass Ridge that in places the trees exhibit an extreme degree of dwarfing 
and distortion (fig. 1). The lower surface temperatures on the north slope, 
combined with the greater accumulation of snow, enable the snow cover to 
linger here until very late in the spring, and as a result the season of active 
plant growth does not begin on the north slope until long after a comparable 
stage is attained on the south slope. In consequence, the critical dry season 
on the south slope is lengthened by a period of time equal to this difference 
in the initiation of vegetative activity on the two exposures. In the opinion 
of the writers such a difference in the length of the season of cumulative 
drought, during which plants are active yet must rely almost entirely upon 
soil moisture accumulated during the winter, constitutes the only influence 
sufficiently great to be commensurate with the pronounced diffei’ences in 
vegetation on the two slopes. 

SUMMARY 

Plant succession is described on talus slopes on the north and south faces 
of an east- west ridge in northern Idaho. Although the two areas studied are 
located very close to each other and at approximately the same elevation, 
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the environments differ so greatly that the processes of vegetational inva- 
sion, the serai communities involved, and the climax communities attained 
on each are strikingly different. The relative dryness so evident on the south 
slope is attributed primarily to the fact that the scanty snow accumulation 
operating together with high surface temperatures greatly advances the 
inception of the growing season here, and as a result the season when tem- 
perature is favorable for growth is so long that soil moisture reserves are 
exhausted before the summer is over. 



FLOATING MATS ON A SOUTHEASTERN COASTAL PLAIN 

RESERVOIR 


Kenneth W. Hunt 


INTBODUCTIOISr 

It lias been shown that a controlling factor in the vegetation of the South- 
eastern Coastal Plain is the widely fluctuating water table of this flat, poorly- 
drained region (3, 5). Most of the coastal plain ^‘ponds’’ are not permanent 
bodies of water, and therefore do not maintain a marsh vegetation siieh as is 
seen in the north. Instead, they are invaded during the occasional prolonged 
periods of drought by the woody plants of the shrub-bog community, which 
then remain throughout subsequent fluctuations of the water table (1, 4). 

This raises the question of what the vegetation would be on a pond or 
reservoir of this region with a sufficiently constant water supply to prevent 
the shrub-bog development. Some evidence in regard to this question is to be 
found in the floating mats on the Goose Creek Reservoir, near Charleston, 
S. C., which are described herein. Results of inquiry on the part of the writer 
indicate that this is not a solitary case. Reports have been received of floating 
mats on “ponds’’ in Accomac, Nottaway, Charles City, and James City coun- 
ties, Virginia ; on a mill pond at Florence, S. C. ; on a reservoir at Orange- 
burg, S. C. ; and on natural lakes at White Springs, Orange Lake, Leesburg, 
McIntosh, and Apopka, Florida. (Assurance was given that these Florida 
localities display not merely water hyacinth, crassipes Solms, 

but true mats supporting trees and shrubs. ) The writer will appreciate re- 
ports of any other examples, even though it may not be possible to visit any 
of these under present war circumstances. 

Although reservoirs are scarce on the sparsely populated coastal plain, 
it may be expected that more will be provided if the industrial development 
of the Southeast gets under way. The recently completed Santee-Cooper 
Power Development on the South Carolina coastal plain provides 165,000 
acres in two permanent reservoirs, which finished filling in September, 1942. 
{Aiternanthera philoxeroides'^ is already widespread in the upper Santee 
reservoir.) Along several of the arms of these reservoirs the U. S. Fish and 
Wildlife Service has eonstructed four Refuge Impouudments with stabilized 
water levels, to be stocked with marsh plants selected for their wildlife food 
value. At other points along the shores of the reservoir the Health and Sani- 
tation Division of the South Carolina Public Service Authority is engaged in 

1 Authorities for all ^^plant names mentioned are cited subsequently in the list of 
species collected. 
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restricting’ tlie Tegetation for tlie purpose of malaria control. For these and 
other reasons, a knowledge of the vegetation which would normally develop 
on permanent coastal plain bodies of water should be of practical as well as 
aeademic interest. 

« 

DESCRIPTION OF THE GOOSE CREEK RESERVOIR 

The Goose Creek Keservoir was formed in 1903 when the creek was 
dammed at a point 12 miles north of Charleston. This caused inundation of 
old sea-level rice fields which had reverted to brackish marsh. The reservoir 


TABLE 1.* Hydro gen-ion concentration of Goose Creelc Eeservoir, colorimetrically 
determined. 


Before construction of the Edisto tunnel 


Since construction 
of the tunnel 

1923 6.6 1928 

6,6 

1933 

5.9 

1938 

7.1 

1924 6.3 1929 

6.4 

1934 

6.0 

1939 

7.0 

1925 6.5 1930 

6.2 

1935 

5.9 

1940 

6.5 

1926 6.7 1931 

6.1 

1936 

6.1 

1941 

6.4 

1927 6.8 19.32 

6.1 

1937 

6.0 



Average, 1923-1937: 6.3 



Average, 1938- 
1941: 6.8 

* Arranged from 23rd Annual Report, 

Commissioners of 

Public Works, Water 

Department, Charleston, S. G. 






TABLE 2.* Mineral analyses, raw water 

(parts per million). 



December 1, 

1936 

November 28, 1939 


Goose Creek 

Goose 


Edisto 


(Only supply) 

Creek 


River 

Sodium 

7.56 


9.83 


6.19 

Potassium 

Trace 


0.64 


0.64 

Magnesium 

2.83 


1.42 


0.55 

Calcium 

3.25 


4.00 


2.00 

Iron 

0.75 


0.80 


0,70 

Aluminum 

Chloride 

0.07 

16.00 


0.40 

14,00 


0.51 

6.00 

Sulphate 

0.90 


4.11 


3.29 

Insoluble matter 

0.30 





Loss on ignition 

30.00 


38.00 


14.50 

Bicarbonate 



17.08 


12.20 


* Arranged from 23rd Annual Report, Commissioners of Public Works, Water 
Department, Charleston, S. C. 


is shaped like a question-mark, with a course 10 miles long and a maximum 
width of five-eighths mile near the lower end. The area comprises 2150 acres, 
inundated to an average depth of 4 feet. The upper half of the reservoir is 
almost wholly covered with floating vegetation. In the lower half the floating 
mats conceal perhaps one-third of the surface (figs. 1, 4) ; some lobes nearly 
meet in the center of the reservoir, but are prevented from doing so by a 
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perceptible ciirreiit. Miicli of the mat is composed of cat-tails, but over ex- 
tensive areas shrubs and trees have become established. Oeeasionally during 
storms portions of the mats are torn loose, and islands with small trees upon 
them have been reported sailing dowm the middle or across to the oi>posite 
shore (fig*. 3)-, • 

The vegetation was given an early start within a year after construetioii 
of the reservoir when large masses of partially decayed roots and humus rose 
to the surface. Upon this support a growing mat was quickly established, and 
though acres of it were removed by the engineers, its growth coiitimied. 
Meanwhile mats began creeping out from the shores. By 1923 it was neces- 
sary to remove some 50 acres of vegetation from the lo-vver end of the reser- 
voir to keep the intake clear. 

The average pH value of the reservoir water, based on yearly figures 
from 1923 through 1937, was 6.3. In 1937 the Edisto tunnel was com]>!eted 
through 23 miles of marl, bringing water from the Edisto Kiver into the 
reservoir. As a result of contact with the freshly-cut marl, the new water 
supply was alkaline, the net pH value in the reservoir rising to 7.1 in 1938, 
but it has now dropped back nearly to the former average (table 1). Mineral 
analyses are supplied separately for Goose Creek water and Edisto River 
water (table 2). 

There w^as no material depletion of the reservoir until the period from 
1916 through 1918, when storm damages, drought, and extra water require- 
ments during the war combined to wholly empty the reservoir by November, 
1918. (By the following January the level was again half normal.) Partial 
depletion recurred in 1927 and 1932. Since the opening of the Edisto tunnel 
in 1937 there has been not over 6 inches depletion. 

DESCRIPTION OP THE VEGETATION 

The general aspect, as one looks from the water over the mats and sees 
successively knot-weed (Po%pomm), eat- tail (rypM), and willow (SaZir), 
is that of the marsh stage in the northern pond hydrosere. Closer inspection 
reveals that some of the main body is reaching the forest stage, and that a 
third of the species on the mats are plants restricted to the coastal plain from 
New Jersey southward. In the pioneer zone, most of the plants are southern, 

Explanation of figures 1-4 

Pig. 1. Development of a floating mat from the shore of the reservoir, showing the 
pioneer zone, cat-tail zone, and shrub zone. Fig. 2. JusstcbdCh gTdft/MflOT^ of the pioneer 
zone, photographed from a distance of 5 feet. PiG. 3. View taken in late winter. In the 
middle distance is a floating island mat, on which are discernible the pioneer zone, the 
cat-tail zone (lighter strip), and the main body. Pig. 4. View over the main body of a 
mat, taken from a cypress near its center. This mat has been partially disrupted, with loss 
of the cat-tail zone. In the middle distance is another floating mat Note the trees on 
both mats. 
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17, 1942. Additional trips at different times and to other portions of the 
reservoir should add new names to the list, bnt it is not expected that the 
additions will materially affect its pattern. 

The plants listed for each zone are arranged roughly in order of fre- 
qiienc/. The letter S before a name indicates that the plant belongs to the 
Southern Coastal Plain and does not normally occur north of New Jersey. 


iMm,. 

PIONEER ZONE 

S Jussiaea grandiflora Mieh, 

B AUernan-thera pMloxeroides Oriseb. 

Mydroootyle ranunculoides L. f. 

S Polygonum densifiornm Meisn. 

Polygonum acre HBK. 

S Saodolepis striata (L.) Nasli. 

JBidens laevis (L.) BSP. 

Boehmeria cylindrica (L.) Sw. 

S Hahenaria repens Nutt, 

CAT-TAIL ZONE 
Typfia latifolia L. 

Kosteletzkya virginica (L.) Presl. 

SHRUB ZONE 

S Myriea cerifera L. 

Salix nigra Marsh. 

MAIN BODY 
Trees and shrubs 
Acer rubrum L. 

S Taxodium distichum (L.) Richard 
S Per sea pubeseens (Pursh) Barg. 
Cephalanthus occidentalis L. 

SamhuGus canadensis L. 

S Viburnum scabrellum (T. & G.) Chapm. 
Amorpha frutieosa L. 

Undergrowth 

Woodwardia areolata (L.) Moore 
Woodwardia mrgmica (L.) Small 
Osmunda regalisJj. 

Thelypteris pcdustris Schott. 

Sphagnum sp. 

Saururus cernuus L. 

JEleocharis sp. 

Carex Howev Mackenzie 
Galium tinctorium L. 

S Globifera umbrosa (Walt.) J. P. Gmel. 


Utricularia biflora Lam. 

Ly copus rubellus Moench. 

Bhus Toxicodendron L. 

S Smilax Walteri Pursh. 

S Tillandsia usneoides L. 

Open area growth 
Panicum virgatum L. 

S Bubus betuUfolms Small 
Apios tuberosa Moench. 

MiJcania seandens (L.) Willd. 

S Ipomoea sagittaia Cav. 

Cuscuta sp. 

Sagittaria latifolia Willd. 

S Bleocharis ochreata (Nees.) Steud. 
Utricularia gibba lu. 

Eydrocotyle umbellata L. 

Boehmeria cylindrica (L.) Sw. 
Habenaria repens Nutt. 

S Pluchea foetida (L.) DC. 

S Xyris communis Kunth. 

Bupatorium purpureum L. 

S Bupatorium leptophyllum DC. 

S Ludwigia alata Ell. 

S Hypericum petiolatum Walt. 

Hypericum virginicum L. 

Hypericum m'atilum L. 

Cicuta Curtissii Coult. & Rose. 
Ptilimnium capillaceum (Mich.) Ra£. 
Erechtites hieracifolia (L.) Raf. 
Becodon verticillatus (L.) Ell. 

S Brianthus giganteus (Walt.) Muhl. 
Hibiscus oculiroseus Britton 
SoUdago sp. 

Pools in sunken areas 
Azolla caroliniana Willd. 

S Wolffiella floridana ( J. D. Smith) Thomp, 
Limnobium Spongia (Bose.) Richard 


Additional plants of the reservoir, not associated with the mats, are 
Ngmphaea advena Ait., Cahomba caroliniana Gray, Potamogeton ptisillus 
L., and abundant algal growths. Zizaniopsis miliacea (Michx.) Doll & Asch. 
grows on the bank near the intake, where the floating vegetation has been 
cleared away. 

Wildlife is plentiful on the mats. Many species of birds are in evidence, 
including herons and snowy egrets, Several snakes have been seen, and abun- 
dant rabbit signs. 
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DISCUSSION 

It is significant that the above list of plants is that of a strict I r iiiesie 
succession^ from marsh to incipient forest, with the xeromorpliic bog stage 
entirely missing. It therefore cannot be compared to the floating veg|*tatioii 
of northern bogs, nor to the xeromorphie shrub-bog and savannali conimuni- 
ties of the Southern Coastal Plain. 

This community obviously got its start as the result of the creation of a 
permanent body of water. Because the bottom was never exposed to the air, 
except for a few weeks in the winter of 1918-1919, there was no opportunity 
for the development of a cypress swamp (2, 6). Neither were any of tlie 
shrub-bog plants able to invade this permanently iiiiindated basin. But over 
the surface a floating community quickly developed, favored by the waiim 
long growing season of the southern climate. The chief pioneers, xUirr- 
mnthera philoxeroides and Jiissiaea grandifiora, both restricted to tlie 
coastal plain south of Virginia, made possible its rapid spread. 

The real point of interest is wdiy the succession thus initiated has never 
developed a bog stage. This environment differs from that of a bog in that the 
water is actively circulating, whereas in the bog it is comparatively motion- 
less. Consequently this water retains its low acidity (table 1) instead of 
becoming highly acid as in a bog. The significance of this, and of accompany- 
ing differences in mineral content, in relation to the vegetation, constitutes 
matter for further study. 

Meanwhile, this description of the Goose Creek vegetation may be indica- 
tive of what to expect on other permanent bodies of circulating, low-acid 
water created in the Southern Coastal Plain. 

SUMMABY 

On the Goose Creek Reservoir near Charleston, S. G., a floating mat has 
developed in the past forty years which is already reaching the forest stage 
of its succession, A list is given of 64 species collected there. Of special in- 
terest is the fact that no xeromorphic bog species are included. 

This community, not previously reported for the Southeastern Coastal 
Plain, is believed due to the permanent presence of circulating, low-acid 
water in the reservoir, in contrast to the generally fluctuating high-acid 
water table of the region. 

The vegetation on this reservoir may indicate what is to be expected when 

others are constructed in the Southern Coastal Plain. 

The writer is indebted to Mr. J. E. Gibson, Managei* and Engineei loi 
the Charleston Commissioners of Pnblie Works, for the information on the 
history of the reservoir, for permission to use the statistics shown in tables 
1 and 2, and f or his eourt^^^^^ making possible the collecting trips. 
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Tile writer also wishes to express thanks to Dr. B. W. Wells for his kind 
encouragement and helpful criticism of this report. 

College of Charleston 

jOhaeleston, South Carolina 
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THE INFLORESCENCE OF CRATAEGUS 

f 

H. W. Eigkett 

The inflorescence of Crataegus is described by Pernald and Robinsoii 
(1908) and by Britton and Brown (1913) as a corymb. This term is defined 
by these anthorities as ‘‘a flat-topped or convex open flower-cluster, in the 
stricter use of the word equivalent to a contracted raceme and pro<^esHi!ig 
in its flowering from the margin inward;’’ and convex or flat-topped 
flower-cluster of the racemose type with pedicels or rays arising from diftVr- 
ent points on the axis.” The second definition is more precise than the first, 
which even in its ‘hstricter use” does not differentiate the corymb from the 
umbel and other contracted racemes.” The corymb is commonly defined 
in textbooks as consisting of pedicels attached along a rachis and forming 
a flat-topped centripetally flowering cluster. In none of the senses here 
expounded can the term be applied to Crataegus. Sargent (1905) called the 
flower-clusters of this genus ‘‘cymose corymbs”; which, if it means any- 
thing, presumably refers to something shaped like a corymb but blooming 
like a cyme — centrifugally. This, though neither a clear nor an accurate 
statement of the actual conditions, is a trifle nearer the truth. 

This uncertainty of language reflects a current negligence in observation 
of inflorescences. The flowers of Crataegus are in a more or less ^'flat-topped 
or convex” group; their pedicels are the ultimate members of a system of 
some complexity. The whole answers more or less to the concept of a cyme 
held by Linnaeus and his contemporaries, a concept which had nothing to 
do with the order in which flowers open. If we are to apply the ideas implied 
in the definition of a cyme as a centrifugal inflorescence, it is necessary to 
study the compound cluster of Crataegus branch by branch ; for certainly 
the inflorescence as a whole cannot be classified either as centrifugal or 
centripetal. 

The clusters illustrated in figure 1 are representative of the situation 
in the genus so far as I have been able to study it. They were sketched from 
living plants near Columbia, Missouri. Though they are diagrammatic, the\ 
are approximately to scale, so that the characteristic form of the clusters 
is shown; the symbols by which the flowers are represented at different 
stages are designed to facilitate a ready grasp of the entire pattern.^ It is 
at once evident that each inflorescenee is composed of a number of unit 
The latter vary in eharaeter, but a recurimit type is a simple 
dichasium (u), consisting of a short branch bearing a terminal flower and 

m ^ . 
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two prophylls which subtend as many lateral flowers.^ The prophylls are 
early deciduous in most species; the scars left by their fall are clearly 
visible, but are not shown in the figure. The terminal flower frequently opens 
first, as in those labeled a; in many dichasia, however, the three flowers 
bloom approximately together, as at Z). 

Besides these evident dichasia are other small clusters less easy to in- 
terpret. Two-flowered branches may result from the abortion of the terminal 
flower or from the failure of one lateral flower to develop; the former 
method leads to a ‘‘false dichotomy.” Irregular clusters of from three to 
seven flowers (c) may represent as many dichasia, each reduced to a single 
flower. That this is the most plausible interpretation appears from C. 
pridnosa, whose inflorescence is much reduced. Its prophylls (often retained 
during anthesis and shown in figure 1) subtend few or no lateral flowers, 
and each potential dichasium of this species remains commonly limited to 
a single flower. Some of the apparent dichasia of G. cncs-galU also are in 
reality (as their bracts indicate) not so simple as they seem, but must have 
been formed by the condensation of a group of dichasia whose lateral 
flowers aborted. 

In the species illustrated in figure 1 each dichasium is usually limited 
to three flowers; the development of new branches is not repeated from the 
prophylls of the lateral flowers. The repetition of the dichasial pattern, 
which is so familiar in (for example) the Crassulaceae, does occur in some 
species of Crataegus, such as C\ tomentosa. The sequence is not very regular, 
however, and is soon lost in clusters of short-pedicelled flowers closely aggre- 
gated and blooming approximately all together. 

The main branches of the inflorescence, which are thus terminated by 
dichasia, are aggregated in a rather irregular fashion upon a central axis. 
The lower branches are subtended by foliage leaves, those next above by 
reduced leaves which may be called bracts, the highest ones by early de- 
ciduous bracts which resemble the prophylls. One may hazard a guess that 
an ancestral plant bore a number of characteristic dichasial inflorescences 
from the axils of its foliage leaves. Such clusters would perhaps be disposed 
along a vegetative axis in a “racemose” fashion; i.e., those nearer the base 
would be better developed and would flower earlier than those towards the 
tip. The present inflorescence would then have originated by the condensa- 
tion of the entire axis, with the reduction of most of its leaves to bracts, 

use the term diehasium here in its original sense: an inflorescence which branches 
always ^ ^ dichotomously from beneath a terminal (often abortive) flower. Some students 
of today apply the term in a looser sense to refer to a cluster composed of dichasial ele- 
ments, however arranged upon a main axis. As for the prophylls, this expression also I 
use in the common sense of the two bracts immediately below a flower which terminates 
a branch. They are so named by analogy, which may quite possibly be false, with the 
prophylls of a vegetative branch. 



Explanation of figure 1 

Fig. 1. Diagrams of infloreseenees of several speeies of Craiatf/uf^, a, typieiil diehuMia 
of dowers opening simultaneously j o, more irregular groups. 







492 


BULLETIN OP THE TORREY CLUB 


[VoL. 70 


and the aggregation of many nodes, particularly the more distal ones. Such 
a process must have been involved in the formation of the thyrse of Syringa, 
which is made of similar elements. Many of the cymes of the older bot- 
anists, such as those of Cornus^ Vihurnum, and Samhucus, are to be similarly 
undersfood. 

A further reduction of the lateral inflorescences to one-flowered branches, 
as outlined above for C. pruinosa, would result in a characteristic corymb 
or raceme (in the usual sense of these terms), provided that the order of 
flowering of the lateral branches preserved the acropetal tendency (along 
the main axis) originally characteristic of their relative development. Such 
a mode of derivation of the racemose inflorescences has been suggested by 
Parkin (1914) and by Woodson (1935). In Crataegus^ however, the various 
dichasia of an inflorescence bloom at approximately the same time, as is 
evident from figure 1. Such slight differences as appear may be in either 
direction. The same fact is noticed in the reduced inflorescence of 0. 
prumosa. The individual flowers of this species are disposed singly or in 
groups along the axis, and their flowering proceeds in various directions. 
The cluster may simulate a cyme, the terminal flower opening first ; rarely 
does it suggest a corymb. 

The last point introduces another potent source of confusion. A cyme 
is customarily defined as an inflorescence which flowers centrifugally. It has 
escaped the notice of many of the definition-makers that such a concept 
may rarely be applied to a simple inflorescence — one whose ultimate 
branches arise directly from a common axis — unless it consists of only a 
few flowers (typically three). The elementary unit from which cymose 
inflorescences seem to have developed is the dichasium ; the development 
of a three-flowered into a many-flowered cluster may proceed (phylogeneti- 
cally) by a repetition of dichasial branching, each new unit arising from 
the axil of a prophyll on a preceding dichasium, and each dichasium flower- 
ing centrifugally. Sometimes an inflorescence is built on pleiochasial rather 
than dichasial lines ; there may be a whorl of branches arising from a pedicel 
and in turn yielding whorls of the next order. Such arrangements probably 
are derivative from an earlier eondition. But in any ease the order of 
flowering must be described for each cymule; although the entire cluster 
may be called cymose, it cannot be said to flower centrifugally as a whole. 
Only as a result of extensive reduction and condensation may it perhaps 
happen that a cluster is formed— as sometimes in C. pruinosa — ^which corre- 
sponds to the definition of the textbooks. The lack of attention to the above 
distinction is seen in the treatment of the ‘^umbels’’ of Allium and Pelar- 
gonium and the ‘ ‘ heads el Gormis canadensis and G. florida, which 
(though umbels and heads are always defined as centripetally flowering) 
are made up of dichasial or monochasial units and flower as a whole neither 
centripetally nor centrifugally. 


SICKETT: CRATAEGUS 4»(3 

It is obvious that far too much weight has been attached in descriptivi* 
botany to the order in which flowers open. This is not a luorpholotfical 
character at all, nor does it correspond to any mulerlying niorpliolonical 
pattern. Flower-buds, like vegetative buds, may lie dormant; the time at 
which they resume growth depends on many factor.s. The meristtntiatie 
region which ultimately becomes a lateral flower in the axil of a propiiyl! 
was derived from an apical meristem which was once at that levt>l ; tlic 
present apical meristem, which is now becoming a terminal flower some 
distance above the prophyll, is also descended from this same mass of 



Pig. 2. Outline drawings (made with a camera lucida) of parts of sections through uiipi- 
panded inflorescences of Crataegus crus-galU var. danieUii. The central drawing is composite, 
since median sections of the three flowers were found in different sections; the broken line rep* 
resents the attachment of the central flower, which is shown displaced. 

meristematie cells. Which is the elder! If this question has an an.swer at all, 
surely the lateral meristem is older than the apical meristem above it. — 
irrespective of which first matures into a flower. Either may, in fact, abort. 

These contentions are supported by an examination of sections through 
unexpanded inflorescences. Figure 2 shows portions of inflorescences of tin; 
same plant of 0. crus-galU var. danielsii as is illustrated in figure 1, gathered 
at several dates in early spring. Terminal diehasia and parts of lattu-al 
clusters are visible. The right-hand cluster simulates a diehnsium but^ prob- 
ably (to judge from the number of bracts) is actually a duster like the 
apparently simple inflorescence of C. pruinosa, as interpreted above. On 
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March 5 stamens had become evident All the flowers, which were closely 
crowded, were at approximately the same stage. A parenchymatous pith is 
visible in the pedicels, surrounded by the provascular strands. Earlier stages 
are not available, but it is clear that terminal and lateral flowers of a 
dichasmm, and even flowers representing several condensed dichasia, origi- 
nate practically simultaneously from one meristem. This should be con- 
trasted with the usual statement that the axis of a cyme is terminated by 
a flower, growth being continued by flowers produced suhsequenily from 
the axils of bracts below the terminal flower. 

Sections made as late as April 1 differ little from those illustrated except 
for the presence of the carpels. In some dichasia the terminal flower has 
enlarged more than the lateral flowers; this is not always true. In the 
material studied (which was not as abundant as could have been wished) 
no difference was evident among corresponding flowers of different clusters 
of an inflorescence. This plant came into bloom, in the manner indicated 
by figure 1, during the first week in May. It is clear that the order in which 
the flowers open is influenced by factors which are introduced late in the 
ontogeny of the inflorescence and which have no necessary relation to the 
morphological pattern in which it was organized. 

This inflorescence (and it is representative of a large number of more 
or less similarly derived clusters) may, as explained above, represent a 
half-way stage in the phylogeny of a ‘‘racemose’’ inflorescence; but cer- 
tainly it cannot be described as a corymb. It conforms to many of the 
clusters called panicles, that unfortunate word having been used in such a 
variety of ways that it is practically useless. As Sargent saw, it is funda- 
mentally “cymose” in pattern, and might, in fact, be conveniently referred 
to as a cyme, if this term is subjected to the clarification and redefinition 
which it needs. Since it can be shown that the introduction into morpholog- 
ical description of such terms as “centrifugal” and “centripetal,” “deter- 
minate” and “indeterminate,” rests on a wholly philosophical rather than 
a scientific basis, and since the order of flowering is of little value as a 
morphological concept, it is clear that existing definitions of cymes have a 
mainly historical value. I propose here to redefine a cyme as a more or less 
flat-topped compound cluster composed essentially of dichasia or pleiochasia 
(perhaps also of monochasia, since the former types grade into this in many 
inflorescences).^ In this sense the inflorescence of many species of Craiaegus 
(perhaps all) is a cyme; also those of Cornus section Thelycraniay Viburnum^ 
and Sambucus, The recognition of the fundamental type from which a par- 

2 This is the “compound eyme^' of some current workers; the “simple cyme being 
what is here (and quite generally) called a diehasium. Since the cyme may be compounded 
in so many ways, each of which desearves analysis, it is useful to have both a general 
inclusive term — ^the cyme of the present definition — and more precise terms, such as 
diehasium, to indicate the elements of the composition. 
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ticiilar cyme has been ilerived may require close study, liecaiise of ilie 
tendency towards reduction of the diehasia or pleiocliasiii to oiiedioweml 
.branches and the aggregation of such branches on a cowiiiimi axis; loid 
because the flowers of such unit clusters frequently bloom togetlier* 
cymes as that of Crataegus pruinosa can be diagnosed only by wlin 
are, familiar with the less reduced inflorescences of related species. However, 
it is worth while to have a definition and a concept which describe Howcr* 
clnsters as they actually are, even at the cost of some trouble in applying 
them. 

The New York Botanical Garden 
New York 
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THE CONCEPT OF INFLORESCENCE 

^ Leon Croizat 

In a previous article (Bot, Gaz. 103: 771-779. 1942) the writer has re- 
viewed some of the peculiarities of the inflorescence of the Euphorbiaeeae. 
The present paper describes the intercalary inflorescence of certain species 
of the Celastraceae and Stachyuraeeae, indicating generalities which pertain 
to the description and interpretation of inflorescences in general. 

THE INTEBCALARY INFLORESCENCE 

In the pages of a paper currently accepted as a classic on the subject of 
inflorescences, Parkin states (Jour. Linn. Soc. Bot. 42; 512. 1914) :tMn this 
paper a new term is introduced for that kind of flower-cluster, the main axis 
of which continues to gi’ow vegetatively after emitting the flowers. The name 
is proposed for this.'- 

Aecording to this definition, an intercalary inflorescence consists of two 
members, both of which are essential. One, a supporting main axis (fig. 1, a ) , 
capable of continuing its vegetative apical growth after emitting lateral 
flower-clusters ,* the other, a certain number of flower-clusters so emitted 
(fig. 1, &). Conceived in these terms, an intercalary inflorescence can arise 
only on account of the interplay of a main axis with the flower-clusters which 
this main axis yields and supports. Naturally, the definition of such an in- 
florescence is essentially based on an interpretive and dynamic concept, not 
on a descriptive and static one. Under this concept the main axis is visual- 
ized not as a separate entity but, together with the flower-clusters which arise 
from it, as part of the inflorescence itself , It does not matter to the concept 
of intercalarity whether the main axis ceases growing immediately after 
emitting the last flower-cluster or beyond it, neither does it matter whether 
the flower-clusters themselves are cymes or racemes, many or few, simple or 
compound, close to or remote from the growing point of the main stem. All 
that matters in this concept and under this definition is the interrelation of 
eertain branches, essentially floriferous, with an axis which is essentially 
sterile. 

After having defined the intercalary inflorescence, stressing a dynamic 
and interpretative concept, Parkin adds (op. cil, 514) : ‘‘It seems futile to 
quibble over the question whether the inflorescence means the mode of floral 
branching or the flower-group itself. Custom has sanctioned the latter mean- 
ing.” This addition is incompatible with the very definition of intercalarity, 
and reveals that Parkin is perhaps not master of the fundamentals of the 
issue with which he professes to deal. If, viewing an intercalary inflorescence, 
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attention is focussed only upon the lateral -flower ^^‘oiips (fitr, L /h— this 
being the /'eiistoniary approach/' in the sense of Parki!i--~-!iie c'ciitriil axis 
(fig.-l, a) is bonnd to be negiee ted, 'which automatically dcHtroys tlic pvv^ 
ception of the factors of growth and position essential to an unilm‘staiii!iiitr 
of interealarity. Anyone who follows the. ^'-eustomary apprcmclp' Mk to 
.grasp the importance of the axis that binds into a wliole the flfnver»c*iiisftn-s. 
and, as a matter of fact, does not pay attention to this axis at all for it is 
not a flower-group but essentially a vegetative shoot. Aecordingly, the fol- 
lowers of the ''customary approach" are ultimately hound in visnalizt* the 
individual flower-groups as isolated cymes, racemes, sfukes, ami the like. In 
so doing they greatly narrow the scope of a study of the infloresrem-o in 
general, and are eventually thrown back upon descriptive eom*epts, taking 
up each group of flowers by itself, and attempting to define it as it looks, 
neglecting at the same time to take into account the main axis wiiieh is tin* 
keystone of the floriferous structure. 

The voluminous literature that deals with inflorescences reveals that as 
a rule the approach to the problem has so far been ‘Mn the {mst<miary 
sense," neglecting the structural and evolutionary side of the issue, wlule 
attempting to define the various kinds of flower-clusters in a filial am! per- 
fect manner. This is known to be impossible to any one wlm has observcfl 
inflorescences with a critical eye. Some workers, like Keeper (Linnaea 1: 
^42. 1826) believed that all inflorescences could easily be segregateii into two 
main groups ("In duas autem magnas classes omnes inflorescentiae commode 
distribui possunt, quarum una inflorescentias terminales vel definitas, altera 
inflorescentias indeterminatas vel indefiiiitas complectitur''), ami advancetl 
definitions which, although based on error, have unfortunately had intieh 
influence upon botanical thinking in general. Other writers, like Haim- 
Hilaire (Morph. Veg. 315-318. 1841) and Eichler (Bluthendiagr. 1: 33-14. 
1875), have rejected the ultimate value of the Koeperian findings, although 
failing to discuss them to a final conclusion. Ily's work (Kev. (Uhi. B<d. 6: 
385-408. 1894) lays down premises leading to numerous defiuitious whirls 
have never been widely accepted, and as a matter of lact are of little [>rac- 
tieal value, despite their being accurate in theory on the whole, thdy twice, 
to the writer's knowledge, has interealarity definitely been seen, by the 
brothers Bravais (Ann. Sei. Nat. II 7 : 193-221; 291-348. 8: 11 --12. 1H37— 
see especially p. 309, 25 and footnote to p. 27, 28) and by Parkin, T!u‘ ihuh 
ings of these workers have been ignored, however, probably on account e4 
the obscure manner in which they were presented, and ot tlie iaihire on the 
part of the Bravais and of Parkin to draw the necessary couclusitsiis. T<» this 
<jay— much to the intuitive dissatisfaction of every thoughtful botanist- -a 
consideration of the inflorescence generally follows the so called ‘umsttuaary 
approach," that is, emphasizes description to the ultimate detrinumt inter- 
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pretatioii, stress being* laid upon whether the isolated flower-elnster, for 
instance, is a raceme rather than a cyme or the like. Aside from the fallacy 
which it accepts as its main premise in theory, this approach often has catas- 
trophic results in taxonomic practice, a student endoctrined by the "‘cus- 
tomary approach’' being always baffled and bewildered by the intercalary 
inflorescences which he finds frequent in nature and in the herbarium. 

As an illustration of the fundamental value of the concept of interealar- 
ity for any critical study of floral axes, this writer likes to refer here to the 
belief of Parkin, and of Zimmermann (Bot. Centralbl. Beih. 53 A: 95-121. 
1935) that the single apical flower and the cymose raceme are the origin of 
all inflorescences. This theory is easily refuted. An intercalary inflorescence 
which is being reduced in the manner shown by figures 2-4 ultimately ends 
with a single apical floWer, which shows that such a flower may be derivative 
as well as primitive. It could be objected that a derivative terminal flower is 
always separated from the underlying main axis by an articulation, hence 
that it is not truly terminal. This might be true, but is not necessarily so, 
beeause it is possible that the terminal flower arises from a central meristem, 
and is apical in the strict sense of the term, becoming single and articulate 
by abortion of the meristems lateral to it. Naturally, such a flower does not 
bespeak a primitive condition, since it arises by reduction of a terminal 
cyme. Moreover, an articulation may be so reduced as to be practically lack- 
ing, as when for instance a pad of Opuntia or a joint of succulent Euphorlm 
emerges from another without the intervening formation of a bud, the limits 
between a constriction and an articulation in the narrower sense of the term 
being indeed very tenuous. It is clear that the theory that the primitive in- 
florescence is the single apical flower and the cymose raceme prirnarily rests 
upon the loose generalizations so prevalent under the “typological ap- 
proach.” It is striking that neither Parkin nor Zimmermann should have felt 
f the need to take into consideration the possible presence and significance of 
articulations. A stringent consideration of these peculiarities must find its 
place in any work that attempts to identify a rameal structure, whether 
primitive or derivative, sterile or floriferous. 

This writer feels that too much importance is given the descriptive side 
of general morphology, firmly believing that this is due to subservience to 
frames of mind that, though valid in the days of Linnaeus, are now thor- 
oughly dead as science. Under a normal approach to any form of biological 
investigation, the subject, whatever its nature, should be critically worked 
out before being defined, and its structural possibilities probed to the utmost 
before its nature, whether “cyme” or ""raceme,” ""branch” or ""leaf” is 
codified into words. It is difficult indeed to see a reason why botany should 
not follow mathematics in the use of concepts, comprehensive and often 
essentially undefinable, which are tested in the practical solution of problems 
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witli absolute freedom from preliminary tiresome quibbliiij.^ abmit ilefliii- 
tioiis. It proves impossible to determine which one is the primitive^’ in- 
florescence, whether the cyme or the raceme or the racemose tor flic 

same reason that it proves impossible to define in tdeamcut terms the attri- 
butes of the absolutely primitive branch. Every diseussioii nlmnt pnituiive 
and derivative structures presupposes a knowledjre of a startimr poiiii in 
evolution, and not only this, but of the tendencies that ma\' vmry a hiuly 
aivay from such a point. Obviously, to the success of an ultimate defiiiiti^m 
a concept of motion and limits is indispensable; this, most unfortunately, 
would still seem to be essentially repu^niant to mnch botanical thiiikiii^L 
definition and description rather than understandin*^ ami interpretation 
still being the main concern of such thinking. Obviously a stmiy of phytog- 
eny, inclnding and aside from the inflorescence, is essentially dynamic, for 
it rests mainly upon an investigation of variations in structural luorptiology. 
It can be soundly argued that the primitive flower of tiie Euphoriuaceae has 
petals and sepals, and is nearest that of the Sterculiaceae and the Malvaceae, 
because it can be shown that that family belongs to the malvoid plexus, and 
has evolved in the main by suppression and modification of the organs 
within its flower. The ease is altogether different with inflorescences in gen- 
eral, for in them a few basic patterns endlessly compose and decompose 
themselves, that which is primitive for one family being derivative for 
another. Academic and ^ Hypologicah ^ discussions are here useless because 
every ease must be judged on its own merits with a broad understanding of 
the issue as a whole and with a mind free from the preconception, for in- 
stance, that an apple is branch rather than ‘‘leaf.’’ 

Eecognizing the cogency of pedagogic needs and the ultimate necessity 
for broad definitions, this writer \^entures to suggest that the theoretically 
primitive condition of the inflorescence is that of two meristems, one flower- 
bearing, the other vegetative, which meristems at the very first may be visual- 
ized as forming a dichotomous arrangement (fig. 5), only later establishing 
the normal anatomic and positional relationship of branch and bud. If the 
floral meristem in this pattern gains the ascendancy and the vegetative one 
develops at its side (fig. 6), a basically sympodial pattern results, which 
pattern is automatically reduced to one apical flower should the lateral bm! 
fail to develop or abort. If, on the contrary, the vegetative meristem evolves 
first, the single lateral flower appears (fig. 7). A combination of these staiid- 
ard growths yields any inflorescence from the simplest to the m<jst fnmiph^x, 
the concept of differential growth here barely outlined applying equally well 
to such different axes as the single-flowered scape and the tejaninal woody 
eymose raceme. While it must be admitted that the view here advanced is 
essentially theoretical and pedagogical, this writer has goixl reas<m to lielieve 
that it has considerable practical bearing upon the systematic ami taxonomic 
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interpretation of certain inflorescences in the Enbiaceae, Rannnculaceae, and 
Podophyllaceae, all families in which the interplay of floral and vegetative 
primordia is intimate and direct. 

To summarize this introduction: An inflorescence is primarily to be 
viewed* and defined as an aggregate of vegetative and floriferous axes, that 
is, as a structure usually (but not necessarily always) of temporary nature, 
brought into being, together with the -flowers themselves, for the sake of 
reproduction. Certain elements of this structure evolve first, others later, a 
consideration of differential growth, which involves 'both physiology and 
morphology^ being required for a rational treatment of all these axes. The 
inflorescence, consequently, answers the definition and the concept of a com- 
pound organ modified in endless details, it being futile to try to define each 
modification in itself and in a precise and absolute manner. The raceme’’ 
gradually passes into the ‘'cyme,” the “single apical flower” becomes a 
“cluster,” each one of these terms being valid as conventional description 
but certainly lacking the rigidity which the authors of the past have sought 
to impart to them. The writer does not believe that the characterization of 
the inflorescence which he attempts to present here is wholly above reproach, 
or that it can cover every detail. He feels, however, that it affords a ground 
of definition and elaboration which the so called “customary approach” to 
the study of floral axes is wholly unable to provide. Intercalarity belongs to 
every manner of inflorescence m principle; it is a serious error, in the con- 
sidered opinion of the writer, to regard it as a special case in the life history 
of floriferous axes. 

SOME CELASTROID INFLORESCENCES 

In Eehder’s excellent manual (Man. Cult. Trees & Shrubs, ed. 2, 560. 
1940) the keys to cultivated Celastrus are based upon the characters of the 
inflorescence. Celastrus scandens L. (Waxwork or American Bittersweet) 
and G. angulata Maxim, are referred to the heading: “Pis. in a terminal 
panicle,” while five other species including the ubiquitous C. orbiculata 
Thunb. (Oriental Bittersweet) are keyed out under the diagnostic note: 
“Pis. in axillary cymes often partly crowded into panicles.” These defini- 
tions are empirically correct and descriptively speaking altogether sound; 
the coming discussion is devoted to an interpretation of the inflorescences 
of G. orbiculata emd C. scandens in order to bring out the nature of the 
panicles and cymes which characterize the genus in cultivation. 

1. Inflorescence of C. orbiculata. The component members of the in- 
florescence of this species are two, variously adapted and modified as will 
later be seen. One is a supporting axis (“main axis” as defined by Parkin) , 
the other a collection of flower-clusters borne laterally and, generally, in a 
false apical position upon this axis (figs. 9-11). This inflorescence, conse- 
quently, is interealary. 
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For convenience, the flower-clusters will be described lieiv first. Ka.-h cii. 
sists of an essentially cyinose group of flowers which are arti.-ujate below 
the peduncle (that is, at the lower end of the axis which etids iauHediiitely 
in the flower). Omitting details, interesting as such but intt to be takcii up 
in a review of fundamentals, these clusters are arranged ahjiig the lines of 
the pattern shown in figure 8. The rachis of the cyme (fig. 8, </) emits a vari- 
able number of lateral flowers, from 1 to 7 but usually from :l to 5. in the 
axils of more or less reduced bracts. Each flower .so emitted may hear in its 
turn flowers from its pedicel. Anthesis in the individual du.dcr takes place 
in the conventional cymose order, or very nearly so. This means that the 
apical flower (fig. 8, h") opens first or at least eontemporaneonsly with the 
flowers which terminate the lateral secondary pedicels (fig. 8, h'). Alantj the 
entire floriferoiis axis, on the contrary, the time of anthesis answers th(> con- 
ventional definition of raeemo.se; that is, the lower flowf'r-cliisters mi the 
branch come into blossom first. 

The articulation at the pedicel of the flower is more or less marked, being 
comparatively obscure (sometimes very much so) under the apical flowm- in 
a free-grown and robust flow'er-eluster.^ The flower-cluster itself originates 


1 An articulation in this and similar cases generally beHpt'aks a timt* uf lag tn 
in growth* A lag yields oftentimes a mere constriction; a full stop an actiiii! or potinitlai 
bud-structure. As bas been pointed out elsewhere in this paper, it Is not certain ttiat fon* 
stiietions and true articulations are always separable, the vigor of the shoot --in itl! that 
the term implies — ^liaving a direct bearing upon the matter. It niight be added that thv 
bud-scales show definite differential growth in certain plants (for instance, Caili^h mttn 
speciosus, the well known ^ ^ Bottle-brush ^ arrested growth in otlii.T 

(Euphorbiaeeae and Stereuliaceae in general). The time-honored argumtmt whether tlse 
cataphyll is due to differential growth or to arrested growth can easily fie Mdtied any way 
a debater chooses, merely by studying certain plants in preference to others. 


Explanation of figures 1-11 

Pig. 1. An intercalary inflorescence and its components: suppmling main axis (in 

the sense of Parkin); h, Zateral flower-clusters. The heavy shaded line* m^parates tln^ two 
components. Pigs. 2-4. Evolution of a single terminal flower from an iiitereahiry lii- 
florescenee; a, apical bud. The abortive flower and bud are merely outlined m iig, 4. Fm. 
5 . Ploriferous (a) and vegetative meristem (a') as the theoretical iR^ginning of the iu' 
florescence. Pig. 6. Condition arising from the prevalent development of thi^ florlft*w«w 
.meristem. An apical flower (a) is established, the vegetative meristem (rF) ykdtling si 
lateral, ultimately sympodial arrangement. PiG. 7. Condition arising from the pnnaleut 
development of the vegetative meristem. A lateral flower (a) is prt>dueed, the main axis 
. eontiiining its apical growth. PiG. 8. Lateral eyraule of CtimfriM arbieHMu: 
rachis .(main floriferous axis of the cymule); h', lateral apieiil flowers; reiitral (true 
apical) flower; e, vegetative bud above cymule; d, flower with double articulation; nor- 
mal articulation; /, abortive florrer responsible for the double articulation at d. Pig. Ih 
Gymules absolutely lateral upon an indefinite (free-growing) sterile slioot. Fuu Mk In- 
florescence derived by reduction and adaptation of the prtuuuling; the cymiiles crowded 
in a racemose manner toward the inhibited apex of the shoot; a, abortive apex of tli© shoot. 
Pig. 11. Inflorescence derived by further reduction and adaptation of the two pmwliiig; 
eymules. borne within a leafless bracteolate r^eme, often growing upon old wood (hence 
caulocarpie) ; a, abortive apex of the shoot. 





1943] 


CfiOIZAT : INFLORESCENCE 


Ml 


iminediatelj below a dormant bud (fig. S. c), and is subtended by a a 

bract.^ 

In eondusioii: the lateral fiower-cduster of C. orbivulnUi is to !)i^ 
tionally defined as a compound cyme in a more or less advam^edi nIoIc eo' 
rediietion. This reduction is nowhere in better eviiience than iipah 
flowers which are borne upon an axis having a double arficulatitm {fm. 

This double articulation arises by elimination (d‘ a flower (tig. 8, f) irfoncfli^ 
ateby below the apical one. 

Tlie modifications undergone by the supporting main axis, that is, the 
brancli on which the lateral flower-clusters are jointly borne ('‘main axis'’ 
of the intercalary inflorescence of Parkin) are fairly extensive. This braneii 
presents three patterns in the main, as follows: (a) The braiieh is leaiy 
throughout, bearing the flower-clusters mostly at tiie base (fig. II) ; (b'^ The 
branch is leafy, sterile at the base, but toward the apex hears llower-clnsters 
subtended by more or less evohite bracts (fig. 10) ; (c) The branch is niiicli 
shortened, bears bracts and flower-clusters throughout, and often appears 
on old wood in a clear caulocarpic position (fig. 11). In this case especially, 
the lowermost flower-clusters may be reduced to one or two flowt‘rs. 

The significance of these modifications for the usual definition of in- 
florescence is worth noticing and far-reaching. In the first case, the t*f>nven- 
tional student of the inflorescence merely visualizes lateral cymes borne upon 
a sterile shoot ("axillary cymes” of the manuals). In the second such an 
observer begins to see a short branchlet ending with a racemose pauiele 
("flowers often partly crowded into panicles”). In the third ami last case, 
this onlooker soars to the final perception of a full-fledged panicle. Tax«momi- 
cally speaking, these visualizations are above reproach and, so far as they 
are descriptively intended, fairly sound. On the other liand, critically ap- 
proached, all these cymes, partial racemose panicles, and full pauieh^ are 
merely adaptations of the same floral pattern, that is, aspe(*ts which tmuiud 
be absolutely defined in their own right, and even less firesented to the atten- 
tion of a classroom without pertinent comment and elucidation, ft is iin less 
interesting to notice how” taxonomists and descriptive botanists in general, 
being faced with concrete cases, apply the concept of intercalarity even 
when they are not informed of the fact that this concept has been fonmi- 
lated, at long last, in print. The taxonomist who describes the iufloiwemM! 
of C. 07^hiculata as "axillary cymes” only sees the lateral flower-clusters, 

2 Although the fact has no immediate bearing upon the subjt‘Ct at band, it snay be 
mentioned here that abortive inflorescences homologous in their posit hm with of 

Celastrus (see Eydrolea, Bouffaimillea, Primepm, Bmeirm, and Cmiurtjm) a|)|i«*ar m 
thorns. Thorns of this origin and nature cannot be neglected in any exhiiiwtlvi* pliyslo* 
logical and phylogenetic study of floriferous axes; their study yields in addition 
systematic clues. Interesting investigations, so far untouched to the knowledge of the 
writer, await those interested in these structures and their life history. 
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abiding thereby by what Parkins accepts as the ''customary definition of 
inflorescence.’’ When this taxonomist, on the contrary, sees the flowers of 
the same species as being "crowded into panicles,” he implicitly rejects 
the customary definition and accepts intercalarity as self-evident, this time 
visuali^Sing as a whole the flower-clusters together with the "sterile shoot” 
which binds them. In view of this evidence, the writer needs not emphasize 
once again the practical value of the concept of intercalarity for a correct 
description and interpretation of all manner of inflorescences. The inflores- 
cence is a prime component of much taxonomic work, which explains why 
authors not familiar with the workings of intercalarity happen to write 
laboriously and not always happily, striving to "define” floral patterns 
which, instead of being proteiform and confusing are indeed very simple. 
A great deal of useless species-making, it may be added, is to be charged to 
the same neglect of intercalarity. 

The manner of growth of the branch which supports the lateral flower- 
clusters in G. orbiculata repays scrutiny. When it first appears this branch 
has a fairly definite herbaceous texture. Soon, however, it turns woody, thus 
shedding the usual habit of a rachis to acquire that of a true branch. As the 
wood matures, the dormant buds develop to the full, often even promptly 
bursting into growth if the growing apex of the branch happens to be cut off. 
Naturally, a marked difference in habit is noticeable on the same plant seen 
in the spring or in the fall of the year. When flowering begins, a casual 
observer sees "racemes” with an herbaceous green '^rachis,” but when the 
fruits are ripe, this same observer is aware only of the existence of "lateral 
cymes,” the rachis having become by then a permanent, definitely woody 
branch with a manifest bark. Nothing better than this fact proves the ulti- 
mate futility of trying to define inflorescences without taking into account 
feheir life history and structural possibilities. 

As has been seen, the branch which supports the lateral flower-clusters 
in G. orhiculata is usually rachis-like (figs. 12, 13), ending with an abortive 
tip. This abortive tip may become fused more or less extensively and inti- 
mately with the base of the nearest flower-cluster (fig. 12, a)^ or stand out 
free (fig. 13, u). Under a moderate magnification this inhibited tip may be 
seen as surrounded by crowded bracteoles (fig. 12, a), or to be covered by 
glomerulate structures (fig. 13, a) suggesting flower buds. This tip, in con- 
clusion, is vegetative or floriferous, and deciduous by an abscission layer ap- 
parently homologous with that which is active at the tip of the branchlets of 
Ulmus md Tilia^ 

3 This type of fusion is oeeasionaT in 0. orhiculata. It does not seem to be materially 
different from that which takes place in (see Campbell, Aim. Bot. 12: 1-28. 1898; 

Arber, Ann. Bot. II. 4: 617-627. 1940), although the fusion is much more intimate in the 
latter than in the former ease. The writer hopes to return to the subject in dealing with 
prophylls and carpels. 
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2. Inflorescence of C. scandens. The infloreseeiiee of the wsixwork 
customarily defined as a terminal panicle. It consists (fijr. 14) of a raciiis with 
a prevailing herbaceous texture, capped as a rule by aui apical articulate 
flower, and bearing at the sides more or less numerous compound cvianlex 
This raceme is eymose in the conventional sense beeau.se its iiiani a.\is 
(rachis) is “definite,” that is, ends with a flower. The imlivuiua! fhmers on 
this raceme, moreover, tend to open or do open eymosely, that is, the apical 
flower of the main axis (raehis; fig. 14, a) and of the lateral eyinules (fig. 
14, a') come into blossom practically at the same time. In this respect the 
waxivork differs from the oriental bittersweet. In noticing tfie fact, the writer 



Fig. 12. Tipper extremity of the inflorescence of Celmirm orhieu-hta of the pattern 
shown in flgs. 10 and 11. The abortive (inhibited) tip (a)» is surrounded by bracteoles 
(cataphylls) and tends to fuse with the. base of the nearest lateral cyinule. e, vegetath"© 
buds. Fig. 13. Same inflorescence as that shown in fig. 12, The abortive tip (a) Is free 
and bears minute flower-buds. At h a subabortive vegetative bud, at c a normal one. Fici. 
14. Inflorescence of C, seandens forming a terminal eymose raceme, growing point; a. 
a', apical flowers. Fig. 15. Inflorescence of Stachyurm yunnmenms, 

feels impelled to add that the time of opening of the flowers is not, as it lias 
long been believed, a primary criterion by which to judge tlie nature of au 
inflorescenee. Pertinent data on the causes that may influence such au ojicU' 
ing will be read, for instance, in Stout’s account of the floral behavior of the 
Avocado (Mem. N. Y. Bot. Gard. 7: 145-203. 1927). This account does not 
support the belief that the oldest flower in a cluster necessarily blossoms 
first, which was accepted by Roeper as an axion in his classical but erroneous 
definitions. 

Inflorescences of the waxwork may be found which depart from the pat- 
tern just described. This writer has collected several of them, now preserved 
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in the herbarium of the Arnold Arboretum. The arrangement of these in- 
florescences in the main is that of the bittersweet (flg. 9) ; that is, the flowers 
are borne in flower-clusters occupying a lateral position upon an otherwise 
freely growing branch. The leaves subtending these clusters are reduced in 
size, tending to become bracteal and mostly caducous. The buds that subtend 
the clusters are somewhat reduced and probably abortive, which is not neces- 
sarily the case with the bittersweet. The significance of this difference is not 
apt to be great, for the progressive abortion of apparently vegetative buds is 
of normal occurrence in the robust terminal panicles of certain Eutaeeae 
(witness Pkellodendron) , and may indeed be looked for in all kinds of 
floriferous axes (see fig. 13, Z)). One of the abnormal inflorescences of G. 
scandens collected by this writer consists of a single lateral cymule appear- 
ing on an otherwise perfectly sterile shoot. 

Viewed in its essentials, the racemo-cymose inflorescence of the waxwork 
(C. scandens) differs from the intercalary inflorescence of the bittersweet 
(C. orbieidata) in one respect only. In the latter the axis which bears flower- 
clusters endures as a branch throughout ; in the former this axis is fully and 
finally adapted to floriferous functions. So far as macroscopical investigation 
reveals, this adaptation consists of *. (1) A change in the nature and function 
of the axis supporting the flower-clusters. This axis, as noticed, is a true 
branch with normally living vegetative buds in C. orhicnlaia, a manifest 
rachis with abortive buds in C, scandens; in the former the formation of 
bark-tissues and secondary woody, if perhaps somewhat slowed at first, is 
ultimately unchecked; in the latter, on the contrary, this formation is ap- 
parently much reduced, if not actually stopped; (2) a relocation of the 
apical growing point. This point is located at the apex of the intercalary 
inflorescence in C. orMculata, the main axis usually continuing its evolution 
in length after flower-bearing; in C, scandens ^ on the contrary, the growing 
point (fig. 14, 5) is located under the ^'raceme.’’ In other words and descrip- 
tively speaking, the stream of further growth runs through the inflorescence 
in the oriental bittersweet, but leaves it aside in the waxwork. 

THE TAXONOMIC SECTIONS OP STACHYURUS 

In a fundamental contribution on (Jour. Botanique 12: 253- 

255. 1898), Franchet published two sections, Callosurus and Gymnosurus, 
which he characterized as follows: Callosurus — Kacemes peduncled in the 
axil of persistent leaves; Gymnosurns — Racemes sessile in the axils of leaves 
deciduous before flowering. 

The attention of this writer was invited to these characterizations by an 
investigator of Stachyurus who had found reason to suspect that Francheffs 
sectional key could not be properly handled unless it were elucidated beyond 
the usual requirements of taxonomy. 
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The iiifloreseeiiees ot'S. yimnanemh Franeh. (type-speiies Soi-i. (Vi/* 
losiiriis) and S, cMnensis Fraiicii, (the best known HpeeieH of Seet. 
surus) revealed at a <,danee an intercalary teiideney. In the former Hie laif*r- 
ally borne spieate racemes are subtended by a leaf of noiniai diape iiinl sizt* 
(%. 15) ; this leaf is not affected by the evolution of flie iiiflorescmiik nml 
persists. In the latter, the part of the branch hearin^^ the lateral iiifioresiH^nces 
shows an incipient specialization so that the leaves subtendinir these iiif!ores» 
eeiiees tend to become bracts and prove ultimately to he deeidimuN: thi- 
arrangement, of course, suggests a condition which may nhimaOly lead le die 
establishment of an infiorescenee like that of the !)ittersweet ifiir. P v rnder- 
stood with reference to what normally happens in intercmlary inffcn’t^seeiires. 
the key of Franchet could readily be interpreted and used. This key relies at 
bottom upon tendencies rather than upon fixed characters. In SiiiclnjMrm 
there begins to appear a tendency toward the specialization of any slaNd. 
C^inain axis’’ in the sense of Parkin) which happens to bear lateral iidlores^ 
eences. This shoot or portion of a shoot is in its essence a fnll-fiedged stt‘ri!c‘ 
axis in S. yunmnefisis ; ihe growth of flower-clusters uf>on it takes plaet^ as 
it were, aceidentally, without a definite interrelation being estahiishetl be- 
tween the shoot and the lateral infiorescenee unless it l)e as to position, the 
latter happening to grow upon the former. In K. chincnHis, on the contrary, 
the shoot begins to react immediately and directly to the infh>rescenceH, its 
leaves behaving like deciduous bracts. A sequel to this evolution would be 
provided by a third species (unknown so far in StaelijfUiiin) in which tlie 
shoot should become a rachis carrying a terminal thyrsoid infiorescenee; this, 
as has been seen, being realized in Celastrns muidens. That the femlency 
toward intercalarity is barely outlined in Siachyunis was confirmed by tln^ 
fact that certain specimens of 8. ehinensis in the herbarium retaiin*il sonw 
of their leaves even under inflorescences in full fruit. rnvt\sligation of the 
herbarium material available also suggested that the age of the sh<H>t might 
have some inflnence upon the retention of the leaves. This is worth noticing, 
for it may be suspected that the specialization of floriferous axes, in certain 
cases at least, is directly influenced by the degree of maturity of the wood. 
In 0. orhimlata^ for instance, eaulocarpie short racemes appear to be more 
abiiiidaiit on old stems, especially at the base of the main leaders, and in 
other genera {Bougainvillea, Hydrolea, Fomirus, Crataegus, et(*.) the wood 
of the seasonal growth bears only thorns, that is, structures which arc in 
reality flow^erless inflorescences. 


SOME CONSinmATIONS OM TOE mOENCE 

On the strength of the facts here advanced, and the (*oiicdusions which 
•they snggest'it may be stated that intercalarity is essential to an under- 
standing'.of all manner of inflorescences. It may be affirmed likewise that it is 


508 


BULLETIN OP THE TOEREY CLUB 


[VOL. 70 


actually impossible to construct definitions to fit every kind of inflorescence. 
The terms raceme, cyme, panicle, tbyrse, and the like have a comparatively 
tenuous descriptive value which, while useful, cannot afford solid and crit- 
ical ground for a study of floriferous axes. This is because no real dividing- 
line can be drawn among these structures ,* it is a pure loss of time to argue, 
for instance, whether the inflorescence of SaUa is a ‘ ‘ cyme ^ tor a raceme.’^ 
In this genus — one among thousands — whole axillary branches, leafy at first, 
are turned by degrees into braeteate panicles, which in their turn become 
short-peduncled cymules. Mier’s attempt to present an elaboration of the 
Winteraceae (Contr. Bot. 1: 123-144. 1861) based in the main upon the 
position and the aspect of the floriferous axes is immediately seen to be 
radically mistaken by anyone who is informed of the fact that intercalarity 
is rampant in this family. In conclusion, both the morphologist and the taxo- 
nomist are bound to ease their task by accepting the fact that, while it is 
necessary and proper to define the inflorescence, it is even more desirable to 
interpret it. The sterility of much so far written on the subject, the writer 
believes, is due to overemphasis of the descriptive side. It is to be feared that 
such works as the Philosophia hoianica of Linnaeus and the Versuch of 
Goethe have exerted an influence altogether out of proportion to their sci- 
entific value by popularizing definitions which, used in the classroom with- 
out due qualifications, have canalized the thought and the imagination of 
several generations of students, our own included, in a manner ultimately 
disturbing to free investigation. In the most definite sense these works are 
propaganda, for they assume as proved precisely that which stands in need 
of investigation, and stress the material shape of objects while obscuring 
their inner substance. 

The attempt recently made by Gregoire (Cellule 47 : 337-339. 1938; see 
the discussion of Spiraea) to draw a sharp distinction between true branches 
and floriferous axes is too dogmatic, for the differences postulated by this 
author are invalidated in fact by the presence of endless intermediates be- 
tween the extremes upon which his conclusions are made to rest. The inflores- 
cences of Celastrus, no less than those of Saiia and countless other genera of 
flowering plants, furnish visual evidence to the effect that a branch, that is, 
a permanent woody structure,- can become by degrees a rachis which is a 
temporary and subherbaceous organ. It may be suspected that permanency 
is one of the fundamental attributes of the branch as contrasted with 
other structures which happen to resemble it. Accordingly, the concept of 
function cannot, in this writer’s firm belief, be rejected in drawing up a 
comprehensive and true definition of a living structure. The by now secular 
quibbling as to whether an apple is ‘‘branch” or leaf ’’and whether a 
carpel “leaf ” or not is promptly disposed of to the greatest benefit of mor- 
phology and botany in general by an understanding of the fact that an apple 
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and a carpel have fiiiietioiis that set them aside bthh fnmi ‘iiniiirh’’ amt 
''leaf.'' There can be no morphology without physiology. Ihvgnire's at tempi 
at taking a dogniatie.staiid on the strength of laborious microscopicai studiis 
which are, invalidated by direct inaeroscopie observation siiggf*sls that a 
broad familiarity with living plants is a. prerequisite of ultiiiiate s|)t*^ifilizcil 
investigation, and that the botanical garden as an adjuiud to the uiiiv«»rsity 
has lost none of its ancient eminence. It is aceepteii anumg nuitlieiimticians 
that the proper statement of an'equation is practically tioitammiiit tci its siilii- 
tion. It is not less true in botany that the proper choice of the materiiil for 
investigation assures results. In, voicing a criticism of certain of Urcgoirt^V 
conclusions, the writer is far from associating himself with those who disiiiiss 
the work of this investigator' as hardly worthy of attentkui and basically 
erroneous. Gregoire's sins of dograaticism are less a failure of tin* nniii tfiaii 
of a school embracing both him and his detractors. A great deal of Clreg<hrtds 
work is worthy of careful study. 

SUMMARY 

The intercalary inflorescence is illiistrated with reference to atdnal struc- 
tures in species of the Celastraceae and Stachyuraeeac, and the value of the 
concept of intercalarity for an understanding of inflorescences in getieral is 
emphasized. The wmrks of Parkin, Zimmermann, Gregoire aiul otliew are 
briefly noticed, and the eonclusion is drawn that coiifusion is often made 
between the descriptive and the interpretive side of tlie stutly of flower- 
clusters. 

The Arnold Arboretum, Harvard University 
Jamaica Plain, AIassachusetts 
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FLOWER FORMS AND GROUPS OF DICOTYLEDONESu 
Alfred Gundersen 

HISTORICAL NOTES 

The terms Dicotyledones and Monocotyledones were used by John Ray in 
1703 for his subdivisions of herbaceous flowering plants. Linnaeus used these 
names only in classifying seeds. A. Laurent de Jussieu in 1789, the year of 
the French Revolution, made Acotyledones, Monocotyledones, and Dicotyle- 
dones his principal groups of plants ; the last included conifers, while cycads 
were placed under ferns. De Candolle adopted the form Dicotyledoneae ; like 
Jussieu, he began with Ranunculaceae, “As I find families where some of 
the organs become consolidated, and consequently seem to disappear, I refer 
them to a lower rank,’’ he wrote. Today we would say “to a higher rank.” 
De Candolle added “ Let no one imagine I attach the least importance to the 
arrangement.” Brongniart introduced the names Angiosperinae and Gymno- 
spermae as sub-groups of Dicotyledones. Alexander Braun in 1864 made the 
great improvement of subordinating Monocotyledones and Dicotyledones 
under Angiospermae. 

Bentham had collaborated on de Candolle’s and the Bentham 

and Hooker sequence of families of Dicotyledones closely followed that work, 
especially in the beginning. Their Polypetalae (1862-67) included three 
series with “cohorts” as follows: 

I— — ^Ranales, Parietales (inch Cisius and Papaver), Polygalinae, Caryo- 
phyllinae (inch Frankenia and DiantMis but not Chenopodium), Guttif- 
erales, Malvales. 

II — ^Geraniales, Olacales (inch Ilex), Celastrales, Sapindales. 

III — ^Rosales, Myrtales, Passiflorales (inch CucurMta) , Picoidales (incl. 
Cactus and Mesemhryanthemum) , and Umbellales. Polypetalae were fol- 
lowed by Gamopetalae and Monochlamydeae (incl. Euphorlia) , 

Blutendiagramme was completed in 1878; he began dieoty- 
ledbns with apetalous groups. His arrangement was approximately fol- 
lowed by Engler. The orders in the Bngler-Diels Syllabus of 1936 are: 

Nineteen apetalous orders, then Centrospermae (inch Mesembryanthe^ 
and then Ranales, Rhoeadales (incl. Po^pui’er), Sarraeeni- 

ales, Rosales, Pandales, Geraniales {mcl. Euphorbia), Sapindales, Rham- 
nales, Malvales, Parietales (inch Cistus, Frankenia and Pas^i^ora), 
Opuntiales, Myrtiflorae, and Umbelliflorae, followed by Sympetalae (incl 
Cucurbita) , 

1 Brooklyn Botanic Garden Contribntion No. 98. 

The plates are published at the expense of the author. 

blO 



1943] 


0un0ers'en' : Fhomm forms and ciROi.^re. 


511 , 


Bentliam and Hooker placed apetaloiis forms at the end, Eii,«fier at fie* 
beginning,; perhaps an intermediate position may he better, ileiitliaiii ami 
,Hooker had Dimimus iiem* Frankmm, Engler placed it near ViunopmUum: 
possibly, both eonneetio,ns may be right. Earlier iKitaidsts lisid atid 

Pctpaver near together, but Engler p,iaeed them far apart; varitam* reefait 
systems have preferred the earlier arrangement. 

Hallier, emphasized the importanee of consider iug all cliaracders. liessiy, 
Warmingv Wettstein, Hutchinson, and many others have siiade im|icirfaiit 
suggestions, 

Eeiidle’s modification (1925) of the Engler system rettrriis in various 
respects to the Bentham-Hooker a,rrangement. For examp!«% Puimtrr and 
Cistus are near together; likewise CactuH and Mesemhnjantiumunh limn 
and MyrtuSy Passifiora and Ciicurlita, 

Burtt-Davy (1937) considered it desirable to have a systcmi in wliicit 
orders are arranged into larger groups. His three subclasses, L Ament i feme, 
II. Polystemonae, ILL Oligostemonae, are divided into divisions, subdi- 
visions, cohorts, and. orders. He begins with Garnja, Leiinerm, and Jinjkim, 

DIRECTIONS OP EVOLUTION 

Lotsy in 1911 wrote that so long as we do not know the origin at angio- 
sperms a phylogenetic arrangement of the dicadyledons canmU be thought 
of. But according to Darrah (1939) the origin of the flmvering plants Is no 
longer ^^an abominable mystery,’^ as Darwin had said, but rather an ab- 
sorbing problem with many new facts at hand. H. F. Co])eland wr<de in 
1940: ‘'When a group is assigned to its true place, it becomes inextricable: 
every character studied increases the certainty of the assignment. Within a 
decade or two there should be few families left to be placd by guess/’ 

We present herewith an outline of possible direct i<uis of evolution in 
dicotyledons; the numbei^s in parentheses refer to the notes which foilcnv. 

Vegetative Parts: Stem from woody to herbaceous. V^^ssels from scaiari- 
form to pitted (1). Leaves from evergreen to deciduous. Leaf venation fnmi 
palmate to pinnate (f). 

Inflorescence and Flowers: From solitary flowers to dense clusters. 
From large flowers to small. From convex receptacle to concave. 

Sepals and Petals: From parts alike to different. From many parts to 
few. From separate to united (2). From spiral arrangement to <yeiie (3L 
From regular to irregular. 

. Stamens; From many to few. Prom clustered or many to few (4). Ffimi 
hypogynous to epipetalous. Filament from broad to narrow. C onnective 
from projecting to not projecting (5). 


512 


BULLETIN OF THE TORRBY CLUB 


lYOh. 70 


Carpels: From many to few (6). From separate to united. From ovary 
superior to inferior (7). Style from absent to present. Placentation from 
basal or parietal to apical, axile, or central (8). 

Ovules and Seeds: Ovules from few to many, or to one (9). Endosperm 
from present to absent. Embryo from straight to curved. Seedeoats from 
two to one. 

(1) Chalk in 1937 listed 35 families with some genera having vessels with 
scalariform pits; on the present charts 29 Cretaceous families are marked; 
ten of these are the same, namely : Magnoliaceae, Lauraceae, Hamamelida- 
eeae, Platanaceae, Betulaceae, Fagaceae, Theaceae, Celastraceae, Cornaceae, 
and Caprifoliaeeae. It seems certain that a great diversity .of flower struc- 
tures must have had a long history. (2) A majority of dicotyledons have 
separate petals ; separate sepals are the exception and occur chiefly in the 
Magnolia, CistuSy Siiiid Papaver gvowp^. (3) Sprague (1925) expresses a dif- 
ferent idea. (4) Wilson (1942) points out that the clustered stamens, as in 
Tiliaceae, Hypericaceae, Myrtaceae, etc., may be the remains of former 
staminate branches. (5) Several conifers, Drimys, Talauma, Plafamis, some 
Euphorbiaeeae, Viola, Asarum, and also Artemisia, have a projecting con- 
nective; the spore-bearing part of Opkioglossitm seems suggestive. (6) In 
cyclic flowers and especially in flowers in dense clusters there is not room for 
many carpels. (7) The close connections of Eosales to Myrtales, early fossils 
of Myrtaceae, Cornaceae, and Caprifoliaeeae, also the otherwise primitive 
characters of flowers of Cactaceae, tend to reduce the importance of the char- 
acter of an inferior ovary in classification. (8) Flowers with axile placenta- 
tion often have parietal placentation in the bud. (9) Kobinson (1904) ex- 
plains polyspermy as a entomophilous character, while a single ovule often 
characterizes wind-pollinated plants. 

GROUPS OP DICOTYLEDONES (PLATE 3) 

According to Wernham (1913) and many others ^^Sympetalae should 
not exist as a separate group in a natural system of classification. ” This ap- 
plies in all probability also to divisions such as Woody vs. Herbaceous 
Dicotyledones, or to Axis-flowers vs. Cup-flowers, or to Polystemonae vs* 
Oligostemonae. Smaller groups seem more likely to lead toward a natural 
classification. A number of links between families may be noted : Cistaceae-> 
Papaveraceae, Cactaceae, Aizoaceae, Frankeniaceae Caryophyllaeeae, 
Passifloraceae— >Cucurbitaeeae~^Aristolochiaceae, Hamamelidaceae—> Betu- 
laceae, Hamamelidaceae Cornaceae, Euphorbiaeeae — > Menispermaceae, 
Theaceae -» Cyrillaeeae Ericaceae. 

Linnaeus in his Philosophia Botaniea (1751) said that plant affinities 
spread out like regions on a map. At least three dimensions would seem to 
be necessary to indicate relationships, one for time. De Candolle said dia- 
grams are good to explain an opinion, bad when taken as facts. Chamberlain 
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said a diagram is very definite, often too definite, it represents a •mess at real 
relationships. Many diagrams of the plant world or of flowering plants have 
been made, for example by Giseke in 1792, by Augier in IHOl. by Mugler in 
1897, several by Wettstein, by Bessey in 1914, by Hiitehinson and h.\ Mez i)i 
1926, and by Tippo in 1938. . 

The present tentative charts and outline may be eonsiiiered as a some- 
what modified form of Eendle’s arrangement, in part interraedinti* between 
the Bentham-Hooker and the Engler systems. But we take from Ilallier. 
Bessey, Hutchinson, Eames and others the lfapno//« groiif) n.s the most 
satisfactory beginning. That need not mean it must be ancestral to all other 
groups. 

A. Magnolia Group (Five Orders). 

Flowers often large, parts separate, spiral arrangement fretiueiif, sta- 
mens usually many, carpels often many and separate, or single. 

Perianth parts separate. 

Magnoliales: Magnol (Magnolia parvi flora), Calycan (Calymnihu.t flori- 
dus), Menis (Menispermum dahuricum), Lanrac (Bnnoin neHtii'nlt). 

Eanales: Nymph (Nympham Candida), 'Rmim (Trolliits laxux). 

Sepals united. 

Eosales (carpels separate) : Eosac (Potentilla alba). 

H^iamelidales (carpels partly separate) :Hamam (Liquida mhar siyrac.i- 
flua) . Platan (Plat amis orient alis). 

Leguminosae (carpel single, fruit a legume) : Begum (CUtoria iernatm). 

B. Betula or Ulmus Group. 

Trees or shrubs, flowers small, apetalous, sexes usually separate, stamens 
often in catkins, mostly wind pollination, carpels united or single, seeds 
usually few or one to each flower, long interval between pollination ami 
fertilization, chalazagamy frequent. Wind-pollination is now in general mU 
effective among the diversity of tropical vegetation, but may have been so in 
former ages with probably less diversity of forms. Clas.sifieation not satisfac- 
tory. 

Urtieales : Morac (Broussonetia papyrifera ) . 

Fagales (incl. Casmrimf) iBetul (Betula papyrifera), Fagan (Casianeii 
mollissima) . 

Juglandales (inch Myrica and Juliank, all near Sapindales?) : .Iindiui 
(Juglans Sieboldiana) . 

Proteales, Santalales (?). 

C. Cistus Group. 

Spiral or imbricate arrangement frequent, sepals usually separate, sta- 
mens often many, placentae usually parietal, that is, separate, endosperm 
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usually present, aril frequent, seeds usually many to each flower. 
Placentation mostly parietal. 

Cactales (inel. Aizoaeeae with mostly axile placentation) : 

Cactac (Opuntia stricta), Aizo {MesemhryantkeAnum co^^difoUum). 
Sa^icales: Salic Capreu). 

Cistales; Cistac {Eelianthemum canum), Tamar (Tamarix pentandra), 
¥TSiiiken (F^^ankenia Jamesii) . 

Papaverales (mostly herbaceous, more specialized than Cistales). 
Passiflorales (stamens and ovules few, inch Cuciirhita) : Passif {Passk 
flora alato-caemlea) , 

Placentation axile. 

Theale^ : ThesiO (Franklinia altamaha) . 

Anstoloohmles : Arist (Asarum canadense) , 

Sarraceniales, near Aristolochia 8iQQOTd.mg to MaeParlane (1908). 

D— I. Sepals usually united, placentation mostly axile. 

D. Malva Group. 

Hairs often stellate, stamens often in bundles, each carpel often one- 
seeded, fertilization endotropic ( f), endosperm abundant. 

Malvales: Tiliac {Tilia tomentosa), Stercul (Theolroma Cacao). 
Euphorbiales (which families?) : Euphorb (Phyllanthiis speciosus) . 

E. Geranium Group. 

Stamens mostly in two whorls, hypogynous, disk frequent. 

Kutales (Nearly all woody plants, Ivs. compound, oil glands) : Eutac 
(Btcia graveolens) . 

Celastrales (Pis small, often 4 ptd, stamens in one whorl) : Celast 
(Euonymus yedoensis). 

Sapindales (characters?) : Sapin [Koelreuieria panmdata). 

Geraniales (mostly herbaceous, inch Balsaminaceae). 

F. Myrtus Group. 

Calyx lobes often very small, ovary inferior. 

Myrtales : Myrtae (Myrtus commtmis), Onsig (Fuchsia speciosa) . 
Umbellales: Comae (Corw^ mas). 

Garryales? 

G. Dianthus Group. 

Mostly herbaceous plants, stem with vascular bundles usually scattered, 
flowers mostly apetalous, placentation central or basal, embryo often curved. 
Caryophyllales : Caryo (Oermtium arvense), Portul (Por^^^tera 
flora). 

Polygonales, Chenopodiales: Amaran (Beeriugia cedosioides) per- 
haps Piperales. 
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GUNDERSEK : PLOWEE- FOEMB. AKB GROUPS 


GROUPS OP DICOTyLEDONES (:PEATE 4) 

Plate 4 Correction: Underline Syniploe, Apocyn.j KiiRiac ((’retacecjiis ?. 

Parts of C, E, G: tlie following 'mostly syiiipotalous, tw«i siiiiiiitiule 
whorls, carpels more tliaii two. * 

C. Cistus Group. 

Cistales: Poiiqiiier (Poiigiwm'a S'plendens), 

^ .Passiflorales: Cari(3ae (Carica Papaya) , Qnmrh (FeviHea iriiokiia). 

. Ebenales: Ebeiiae {Diospyros Viryiniami), Hapotac (Aehras Saptdah 
SymiAoQ (Symplocos tincfom^^ 

E. Geranium Group. 

Erieales: Cleth {Cleilird alnifolia)^ Diapeii (Shmik yajaeifaiia), 
Epaerid (Epacris ohtmifolia), Erie (Erica cinerta), Vacciii (I5ir- 
cinnim corymhoBum)^ 

G. Dianthus Group. 

Priinulales: Pliimbag (Acantholiman glumacemn)^ PrirrmI (Primula 
ohconica)yllYiCiOp\\i: (Theophrasta JimicAii^ 

Plantaginales (?):Plantag (Flajdago lamecM 

H — I. Flowers sympetalous, staminate whorl single, carpels i!R)stly two 

H. Fraxinus Group. 

Many herbaceous, fls often zygomorphie, stamens ei)ipetalous, ovary 
superior. 

Gentianales: Apoeyn (Nerium oleander), Aselep (Peripiaea grmm), 
Gentian. (Gentiana mmrophylla) ^hogan (Buddleki offieinalm), Oleiie 
(P or sytliia intermedia) , 

Solanales: Solanac (Solamm Dulcamara), Convoiv (Iponwea Irkoior), 
Gesner (Saintpaulia ionaniha), Bcmphnl (Art^irrliiaiiw nmjm), 
Acanth. (Acanthus montamis), 

Verbenales: Borrag (Myosoiis alpestris}yhkbmt {Ibozn ripnria), Po le- 
mon 

I. Rubia Group, 

Flowers mostly small, in dense clusters, ovary inferior. 

Rubiales (many characters like Umbellales) : Rubiae (Pnikis cammP. 
Dipsae (Scahiosa caiicasica), 

Campanulales (flowers often large, flive carpels) : Gampan {Vampaunhi 
rotundifolia), Brunon (Brnmnia ausiraUs), Gooden (Goode uk 
orafa). Classification not satisfactory. 

Asterales: Compos (Senecio f ulgens). 
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SUMMARY 

This paper presents a number of problems regarding evolutionary trends 
in the Dieotyledones. The flower structures illustrated show facts- their 
arrangement ideas. As Sprague (1925) says, “until the orders themselves 
have been placed on a synthetic basis, no great progress can be made in the 

circumscription of the higher natural groups." 

I wish to express my appreciation to Dr. E. W. Chaney, University of 
California, for information about fossil plants, and to Miss Maud H. Purdy 
staff artist of the Brooklyn Botanic Garden, for the illustrations nearly all 
of which were made from living plants. 

For a comprehensive list of references see Turrill, W. B. Taxonomv and 

phylogeny. Part III. Bot. Kev. 8 : 655-707. 1942. " 

Brooklyn Botanic Garden 
Brooklyn, New York 
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DESCRIPTIONS OF TROPICAL RUSTS— ¥P 

George B. Cummins ^ 

The Uredinales reported in this paper were eolleeted* for the nicwt part* 
by Mrs. Mary Strong Clemens in New Guinea and by 'c. (i. lUndiml in 
Uganda. The type specimens are deposited in the Arthur Herbarium, Speci- 
mens collected by Hansford and by Nattrass are also in the llertiariuw of the 
Imperial Myeological Institute. 

Aecidium hansfordii Cummins, sp. now (fig. 4). Fycuiis epifdiyllis, 
copiosis, snbepidermalibus, lentieiilaris, 200-300 p latis, 100-150 p altis^’sine 
paraphpibns. Aeeiis hypophyllis, subepidermalibus, in mamilis ilavo- 
brunneis usque ad 3 cm. diam. plus minusve dense aggregatis, cupulatis, 
0.15-0.25 mm. diam., margine reenrvato; cellulis peridii miboideis, ellip- 
soideis vel oblongis, 12-18 x 18-29 p, pariete iuteriore ininuttHiue verriieoso 
3p cr., exteriore levi 1.5-2 p cr. ; aeciosporae globoideae, ellipsoideae ve! 
oblongo-ellipsoideae, 12-17x16-20 (-23) p; membraua hyaliiia, miiuiteque 
verruculosa, 1 p cr. 

On Plectronia (Canihium) vulgaris, Uganda: Entebbe Hoad, July 1939, 
C. G. Hansford 2486, November 1940, C, (?. Hansford 2925 (type). 

The pycnia of this species are of striking api)earance in section and ap- 
pear as if stained, with the hymenial layer golden, the mass of spennatia 
paler, and wdth a clear golden-brown layer just beiieatii the epidermis. This 
layer is homogeneous, with, much the color and appearance of resin and ap- 
pears to be a solidified exudate of some kind. 

A. hansfordii differs from A. plectroniicola F. Henn. and A. imom- 
paralile Syd. because of the presence of pycnia and because of smaller 
aeciospores. A, incomparahile is also distinct because it causes marked hyper- 
trophy. Other species described on Plectronia have the walls of the aecio- 
spores thickened apically. 

Aecidium hypoestis Syd., on Peristrophe sp. (aff, hivalvis). New 
Guinea : Morobe: Markham valley, Kajabit Mission, Sept. 11, 1939, Clemens 
10690. 

Dr. E. D. Merrill determined the host (sterile) as follows: ‘LVcanthaceae ! 
and I think Peristrophe sp. aff. P. hivalvis (L.) Merr. The only other 
possibility is Hypoestes sp. but I think not, 

The aecia of A. hypoestis are described (Ann. Myc. 29: 175, 1931) as 
f'aecidia pycnidia cireulariter circumdantiad’ This is true of tlie smaller 
spots in the Clemens’ collection but in older infections tiie aecia lack any 
regularity of arrangement and occur in loose groups with a diameter ot as 
much as 1.5 cm. The pycnia mainly occur on the under side of the leaf, whieli 
is also true of Sydow’s species. There appear to be no differences miero- 
scopically. 

1 Journal Paper Number 77, of the Purdue University Agricultural Experiment SLa- 
tion. Oontributiou. from the Department of Botany.^ The fifth article of this series was 
published in Bull. Torrey Club 70: 68~8L 1943, 

617 ■ 
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A, Jiypoestis was described on H. cumingiana ^iid H, florihunda from 
Ilocos Siir Prov., Narvacan, Philippine Islands and has not been reported 
from other regions. 

Aeddium magnipycnium Cummins, sp. nov. Pycniis paucis, epiphyllis, 
profunda immersis, rufo-brunneis, 125-160 p latis, 250-350 p altis. Aeeiis 
hypophyllis, in maculis flavidis usque ad 8 mm. diam. plus minusve laxe 
aggregatis, cupulatis vel breviter eylindraeeis, albidis vel pallide flavidis, 
margine erosis, 0.2 mm. diam., profunde immersis ; cellulis peridii oblongo- 
ellipsoideis, 15-22 x 26-40 p, pariete exteriore minuteque striato 2.5-3 p, 
interiore plus minusve grosseque rugoso 3 p cr. ; aeciosporae ellipsoideae vel 
late ellipsoideae, 15-23 x 23-30 p ; membrana 1-1.5 p cr. vel ad apicem 2-3 p 
er., hyalina, verrucosa. 

On Clematis sp. probably pap-uasma var. pubescens, New Guinea: 
Morobe : Sattelberg, Nov. 24, 1935, Clemens 964^ Dec. 19, 1935, Clemens s.n.^ 
Mar. 4, 1936, Clemens 1951a, Mar. 13, 1936, Clemens sm.; Yunzaing, June 
29, 1936, Clemens s.n. (type), July 16, 1936, Clemens 3644, Aug. 14, 1936, 
Clemens 3874; Amieng, May 8, 1941, Clemens 12157. 

This species has characteristic long narrow pycnia which arise deep 
within the mesophyll, usually adjacent to the vascular elements, and extend 
upward to the upper epidermis. In color they are reddish brown and usually 
appear as if parasitized or abortive. The aecia are deep-seated also, arising 
just beneath the palisade layer. Not uncommonly they develop in the old 
pycnia and then extend almost completely through the leaf. The walls of the 
aeciospores are usually slightly thicker apically but this is variable. 

Because of the apically thickened spores, the deep-seated sori, and es- 
pecially the large pycnia A. magnipycnmm appears not to be closely related 
to any rust described on 

Aecidium morobense Cummins, sp. nov. Pycnia amphigena, subepi- 
dermalia, conica, 100-150 p diam., paraphysata. Aecia epiphylla, profunde 
immersa, non vel vix exserta, 150-250 p diam., flavo-brunnea, in maculis 
rufo-brunneis leniter incrassatis usque ad 1.5 cm. diam. aggregata; cellulis 
peridii ellipsoideis 15-20 x 40-55 p, membrana aibique 1.5-2 p cr., levi; 
aeciosporae variabiles, praecique oblongae vel oblongo-ellipsoideae, ad api- 
cem rotundatae, truncatae vel acuminatae, 15-26 x 35-56 p ; membrana flavo- 
brunnea 1.5-2 p cr., ad apicem et basim 5-10 p er. et subhyalina, moderate 
verrucosa. 

On Elaeocarpus sp.. New Guinea: Morobe: Yunzaing, Aug. 15, 1936, 
Clemens 3885 (type). 

This species is maeroseopically similar to Aecidium elaeo car picola Gum- 
mins but the apically thickened spores are quite different and more like those 
described for A. puspa Racib. and A. elaeocarpi Racib. There is no lateral 
adherence into horizontal strata such as noted for A. elaeocarpi hj hoth 
Raciborski (Bull. Acad. Sci. Cracovie Cl. Sci. Math. Nat. 1909 : 276) and 
Cummins (Mycologia 33 : 388. 1941). The spores are also less regularly ob- 
long, somewhat shorter, and the peridial cells are smooth. The pycnia are 
similar in all of these species and all cause hypertrophy of the host, but this 
is less pronounced in A. morobense and A. elaeocarpicola than in A. .puspa 
and A. elaeocarpi. 
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There are spots on one leaf which' appear to be old telia ami s^rllr^lire^i 
were found which are .probably teliospores. They measure appnhxiiiiateiy 
] 9-21, X 50-62 [j 5 are ellipsoid, hyaline; and uniformly thiii-walied. riifortip 
iiately, I w’-as unable, even in sections, to be .sure that these were telios|iore^. 
If they are, as I suspect, then this species and F. piinpa Racib. (*L piosvaii 
probably have similar teliospores, although the telia of P, pnspa mnmr in 
eoneentrie rings rather than solitary. 

Aecidium papuasicum Cumniins, sp. nov. Pyeniis perpaucis, t‘pipliyilis, 
profunde immersis, aureis, 130-180 p iatis, 175-200 p altis. Aeciis liypo- 
phyllis, in maeulis flavo-brunneis usque ad 1 cm. diaim laxe aggrcgiifis, 
cupulatis, flavidis, profunde hmnersis, 225-375 p diam., margine erosis; 
cellulis peridii oblongis vel ellipsoideis, 18-23 x 26-40 p ; pariete interiorc 
moderate rugoso 2.5-3 p cr., exteriore minuteque striato vel fere levibiis 
3-3.5 p cr. ; aeciosporae globoideae vel late ellipsoideae, 14-19 x 18-23 p ; 
membrana 1 p er., hyalina vel pallide flavida, minuteque verruculosa. 

On Clematis Bp. probably papuasica, New Guinea: Morobe: between 
Wareo and Sattelberg, Peb. 7-8, 1936, Clemens 1797a; Quenibuiig, Mar. 2, 
1936, Clemens 2083 (TYm) , 

A. papnasicim. has deep-seated sori much as A. magnipifcnium but the 
pyenia are somewhat smaller and more nearly globoid, the aeeiospores 
smaller, and the spore wall uniformly thin. Macroseopieally, the aeeia are 
yellowish and bear some resemblance to the aeeia of Paccinm cUwafa Kyd. In 
P. clavata, however, the sori are not as deep-seated and the pyciiia average 
only about 75 p high and 125 p wide. 

Aecidium rutideae Cummins, sp. nov. Pyeniis eonspieuls, epiphyllis, 
snbepidermalibus, lentienlaris, 250-350 p Iatis, 7*5-125 p altis, sine para- 
physibiis. Aeciis hypophyllis, in maeulis flavo-bruiineis usque ad 2 cm. diam, 
plus minusve laxe aggregatis, cupulatis, margine reeurvato, lacerate; cellulis 
peridii oblongis vel oblongo-ellipsoideis, 14-19 x 30-40 p ; pariete exteriore 
2.5-3 p er. levi, interiore 3-4 p cr. moderate verrueoso; aeciosporae glo- 
boideae, ellipsoideae vel oblongo-ellipsoideae, 15-23 x 20-26 p ; membT^aua 1 p 
cr., ad apicem 3-9 p er., hyalina, verruculosa. 

On Butidea rufipilis, Uganda* Entebbe Road, August 1940, C. (j. Hans- 
ford 2785 (tyf:ei). 

This Aecidium, the first described on the genus Rutidea, is cliaraeteristic 
beeanse of the apically thickened walls of the aeeiospores. 

Arthuria columbiana (Kern & 'Whetzel) Cummins, comb. nov. ( fig. IL 
Phakopsora columMana Kern & ‘Whetzel, Jour. Dept. Agr. Puerto Ri(*o 14: 
304. 1930. 

A recent careful study of material of this species in the Artliiir IPu'- 
barium has revealed that the urediospores are borne in chains sepat'alt'd by 
distinct intercalary cells. The rust is not, therefore, a Phakopsora and liiust 
be transferred to the genus Arthuria as the second known species. The type 
species, A. catenulata Jacks. & Holw., which also parasitizes species 

has been reported (see Jackson, Mycologia33: 464. 1931) only Irom 
.'Brazil.-', . ■ ■ ■ 
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The two species are much alike but can be distinguished without diffi- 
culty in either the uredial or telial stages. In A. catenulata the teliospores 
(fig. 2) measure (18-) 20-26 x 24^35 (-40) |j while in J.. columhiana (fig. 1) 
they measure (18-) 20-27x33-48 (-52) p. Kern and Whetzel originally 
published the size of the urediospores of A. columhiana as 23-27 x 26-31 p 
but Kern and Thurston (Myeologia 32 : 624. 1940) later increased the 


Fig. 1. Two chains of teliospores (stained) of ArtJmria eolumbiana ; tlie spores are colorless. 
Note that they are larger than in A, catenulata. (From type.) X 800. Fig. 2. Two chains of telio- 
spores (stained) of Arthuria catenulata; the spores are colorless. (From type.) x 800. Fig. 3. 
Cerotelium daedaloides; surface view of a leaf showing the characteristic, lahyrijnthifo'rm ar- 
rangement of the telia. The whitish lines are the telia, the dark areas are leaf surface. (Fyom 
type.) xlOO. Fig. 4. Freehand, unstained section of a pyenium of A^oidium hamfordii. The 
clear layer just beneath the epidermis is composed of a homogeneous, golden-brown, resin-like 
substance. (From type.) x225. Fig. 5. Freehand, unstained section of a telium of FhaJcopsora 
ZtawsforcfM. (From type.) X 800. 
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measurements to, 24-32 x 29-42 p. Tlie urediospores in ht>th species are 
variable and I would give the sizes for A, catenidata as 18-25 x 25-35 p and 
A. coUmhiana m (19-) 22-28 (-32>x (26-) 28-38 (-42) p. There k no 
great difference in size but the walls of the urediospores iii .4. eiftfiwhiin are 
only 2-3 p thick while in il. colunibiana they are 3-5 p and im'leli more 
coarsely aculeate. The pores are obscure in both species but are definitely 
scattered in A, catenulata and six or seven in number. 

Thus far A, columbiana is known only on Croton (jOHSjjinfoUm from Ck.i- 
lombia and Trinidad. The species was issued, in the iiredial stage and lunler 
the name PhaUpsora crotonis, in Eeliquiae Farlowiauae No. B79. 

Bubakia crotonis (Cooke) Arth. (fig. 7). On October 14, 1941 telia were 
collected on Croton monanfhogymis near Paoli, Indiana ami overwintered at 
Lafayette. Seeds, collected at the same time, were used to grow plants in the 
greenhouse. Since early spring attempts to germinate the telinsfames wfTc 
negative the plants were transplanted to the garden in 51ay and mulchetl 
wdth the telial material. Pycnia appeared on June 5, 1942 followed by 
nredinoid aecia on June 10, thus proving the species to be autoecious. 

The pycnia are subcuticular, hemispherical or coni(‘ai, 80-150 p in diame- 
ter, with a delicate peridium whose apical cells become eloiigated and par- 
tially free but are not extruded as ostiolar filaments. The hyimmial layer is 
flat. The aecia are nredinoid, subepidermal, without peridium or parapiiyses, 
browmish, pulverulent, 0.2-0.7 mm. in diameter; tlie aeciospores are like the 
urediospores of the species. 

While the life cycle of a species of Bubakia has not been completed pre- 
viously by experimentation, Jackson (Mycologia 23 : 466. 1931) has described 
pycnia and nredinoid aecia for B. argentinenm (Speg.) Jacks. & Holw. on 
Croton hirtus from Brazil. Later, Cummins (Mycologia 32: 370. 1940) also 
recorded pycnia and nredinoid aecia for B. eJiretiae (Hirats.) B. Ito on 
sp. from New Guinea. 

The plants used in the experiment reported above were left until October 
14, and uredia followed by telia resulted from infection by the aeeiospores. 
Sections of the telia (fig. 7) prove that the teliospores are not catenulate but 
are formed by the enlargement of the individual units of a ceihilai* tissue 
which underlies the sorus. At first the long axis of the developing spor(^s is 
horizontal but in continued growth becomes vertical, so that the mature 
spores are higher than wide. As additional spores are produced they are 
pushed upward from the base of the sorus, or inward from the sides, and 
tend to be wedged between the overlying spores. A generally similar de- 
velopment was described (Bull. Torrey Club 67: 69. 1940) forE. erijt'hroxij- 
lonis (Graz.) Cummins and is probably characteristic for the genus. 

Cerotelium daedaloides Cummins, sp. nov. (fig. 3). Pyeniis, aedis et 
urediis ignofis, verisimiliter nullis. Teliis hypophyllis, subepidermabbus, 
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erumpeiitibus, in maculis flavo-brunneis plus minnsve indeterminatis usque 
ad 6 cm. longis dense aggregatis, labyriiitbiformiter confluentibus, cinereo- 
albidis, minutis; teliosporis 4-6 superpositis, lateraliter conjunetis, plus 
minusve cuboideis, 7-9 x 9-13 p ; membrana ubique 0.5 p er., byalina, poris 
gerniinationis verisimiliter nullis, statim germinantes ad apicem in pro- 
myceliunf typicum ; basidiosporae ellipsoideae, 3-4 x 5-6 p. 

On Clerodendron sp. aff, l)uckoUziif Uganda: Entebl3e Road, November 
1940, C. G. Hansford 2917 ; on Clerodendron sp., Entebbe Road, December 
1%^(}, G. G. Hansford 2939 (type). 

This is an interesting species of uncertain relationship. The sori are in- 
itiated beneath the epidermis but early become exposed. Individually they 
are minute and so densely crowded that the infected spots appear to be 
uniformly covered with a whitish bloom. Moderate magnification (fig. 3) 
reveals, however, that the sori are irregularly confluent in a labyrinthiform 
pattern with somewhat the aspect of the pore surface of a Daedalia. The 
lines of sori are somewhat felty due to the abundance of basidia, which are 
formed by the apical growth of the walls of the teliospores. The basidia are 
four-celled, measure about 8 x 20 p, and produce four vei^y small basidio- 
spores on short sterigmata. 

The species is probably microcyclic and is perhaps best referred to 
Cerotelium, a genus in which microcyclic species have not been recorded. In 
Gerotelium the teliospores are in more definite chains than seems to be true 
in this rust. The same is true of Chrysomyxa^ a genus usually considered to 
be restricted to erieaceous hosts. Moreover, the teliospores, basidia, and 
basidiospores are smaller in G. daedaloides than in Ghrysomyxa and there is 
no indication that the telia are waxy in character. In section the telia appear 
much like those of G. moroheanum Cummins (Mycologia 33 : 145. 1941, fig. 

1), on DerriSy and the teliospores are of the same size but the sori are of 
entirely different arrangement and gross appearance. 

Hemileia harunganae Cummins, sp. nov. Pycniis, aeciis et teliis adhuc 
ignotis. Urediis hypophyllis, sparsis vel laxe aggregatis, pallide flavidis, 
minutissimis, per stomata erumpentibus; urediosporae ellipsoideae vel 
gioboideae, 16-23x19-25 p; membrana 1.5-2 p cr,, pallide flavida vel fere 
hyalina, denseque echinulata ; poris germ, obscuris. 

OnHarungana (Haronga) Uganda : Kawanda, August 

IMOj G. G, Hansford 2803 (type). 

This is the first record of a species of on Hypericineae. 

Hemileia rutideae Cummins, sp. nov. Pycniis et aeciis incertis. Urediis 
hypophyllis, partes foliorum plus minusve dense obtegentibus vel sparsis, 
minutissimis, flavidis, per stomata erumpentibus j nrediosporis in apiee 
hypharum fasciculatim erumpentium ortis, plus minusve reniformis, 19- 
23 x 26-35 p ; membrana hyalina vel pallide flavida, in parte superiore 2-3 p 
cr. moderate aculeata (1.5-3 p), inferiore 1.5 p er. frequenter fere levibus; 
poris germ, obscuris. Teliis adhuc ignotis. \ 
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On Rutidea nt/ipl/s, Uganda :'''E Road X«)veiii!>pr 1340 , (\ (I 
Hmisford 2915 (type). 

There are remnants of old aeeial infections on two leaves of tiiis eoilee- 
tion. These may have been caused by Aeeidiuni ruiklem\ wliich was mllevtM 
on the same host in this locality, 

■ ■ ■ « ■ 

■ Phakopsora hansfordii Cummins, sp. nov. 5, 6). Pyciiiis et aeeiis 
igiiotis. Urediis hypophyllis, sparsis vel laxe aggregatis, rotnndat is, 7r>--17o n 
diam., pallide brunneis, siibepidermalibns ; paraphysibus periplieris'is, 
copiosis, incnrvatis, plus mimisve elavatis, 10-14 x 23-55 p, lumine iiiillo vel 
siibnullo; iirediosporae obovoideae vel ellipsoideae, 15-19 x 23- 30 p ; mein 
brana 1-1.5 p cr., minuteque eehinulata, fiavo-brunnea vel pallide ein- 
namomea; poris germ, obscuris. Teliis hypophyllis, in macmlis flavidis vel 
brunneis laxe aggregatis vel sparsis, rotundatis vel irregiilarilius, 0.1 -0.5 
mm. longis, subepidermalibus, indehiscentibus, atro-brmuieis ; teliosporls 
2-6 superpositis, oblongis, cuboideis vel plus minusve ellipsoideis, S-18 14 

23 p ; membrana iibique 1 p crassa, aureo-brunnea. 

On Alcornea cordifolia^ Uganda: Kawanda, ]March 1940. (\ G. Hnm^fnrd 
2564 (type). 

The uredial paraphyses (fig. 6) provide the distiiiguisliiiig feature of this 
species. They are composed of a short, thin-walled stalk and an irregular 
club-like upper portion which appears to be solid. This uppin* porticai is 
highly refractive to light, when mounted in water, and appears as it might 
if densely filled with protoplasm. When mounted in glycerine-al(*ohol the 
upper portion loses its refractive appearance, Maeroscopically, the ]iara- 
physes appear as a wditish ring about the sorus. 

The uredia and telia both develop directly below the epidermis from a 
flat sporogenous layer and do not extend into the mesophyll. 

Phakopsora meibomiae Arth., on Desmodinm sp., New Guinea : Morobe : 
Malalo Mission, May 25-27, 1936, Clemens 3144a, Amieng, Foi). 14, 1941, 
Clemens 11887 ; on Tirana lagopodioides, Kajabit, Aug. 2, 1939, CInnens s.n. 

This species has not been recorded for New Guinea previously, although 
reported from the Philippines. The collection on Urnria is referred here 
tentatively sinee.the uredia are like those of P. meibomiae. Species of I raria 
have not been reported as hosts for species of the Uredinales. 

Phakopsora vignae (Bres.) Arth., on Phaseolus lunatiis. New Gt.uxea: 
Morobe : Boana, May 23, 1940, Clemem OL 

Although Hiratsuka (Bot Mag. Tokyo 49 : 786. 19e35) treats this rust as 
a synonym of P. pachyrhizi. Syd. I have pointed out reeently (Bull, l<n*]‘cy 
Club 70: 73. 1943) that there is some evidence that this may not be eorrctd. 
P, pachyrhizi has been reported from New Guinea on Miicuna but this is the 
first account of the occurrence ot P, vignae. Telia are not present iu either 
specimen. 

Pucginia gouaniae-tihaefoliae Syd,, on Gonania cf. jaramea. New 
Guinea : Morobe : Boana, Oct. 8, 1940, Clemens s.n. 

This species, described from the Philippines, has not been reeordtHi as 
occurring in New Guinea. 

^ Puccinia hansfordiana Cummins, sp. nov. (fig. 11). Pyeuiis et norm 

igiiotis. Urediis amph%^^^^ subepidermalibus, sparsis, obscure miummomeis. 
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pulveralentis, rotundatis, 0.2-0.5 mm. diam. ; urediosporae late ellipsoideae 
vel ellipsoideae, 23-26 x 28-38 p ; membrana 1.5-2 jj er., emnamomeo- 
brnnnea, moderate ecMnulata; poris germ. 3, aeqnatorialibus. Teliis urediis 
conformibiis sed pulvinatis; teliosporae ellipsoideae vel oblongo-ellipsoideae, 
ntriiique rotnndatae vel deorsum leniter attenuatae, medio leniter con- 
strietae, "25-31 X 43-56 n ; membrana 1.5-2 p cr., ad apicem 4-6 p cr,, 
castaneo-brunnea, levi, poro superiore apicali, inferiore juxta septum sito; 
pedicello sporam aequante vel breviore, semipersistenti, byalino. 

On 8 enecio denticulaius, Uganda: Kacbwekano Farm, Kigezi, August 
imi, C.G.Eansford2227 {TYnn). 

TMs rust has a general resemblance to Puccinia senecionicola Arth. but 
the apical walls of the teliospores of P. hansfordiana are thinner, the thicken- 
ing being in the nature of a semihyaline, differentiated, unbonate cap, and 
the urediospores have three rather than two pores. TJredo senecionicola Jacks. 
& Holw., described from Ecuador, has similar urediospores but is probably 
not synonymous. 

Puccinia oahuensis E. & E., Bull. Torrey Club 22: 435. 1895 (figs. 9, 
10). {II redo digitariaecola Thiim., Myc. Univ. No. 2041. 1S82; Puccinia 
digiiariae Pole Evans, Ann. Bolus Herb. 2: 111. 1917.) 

P. oahuensis has been considered to occur only in Hawaii (see Stevens, 
Bernice P. Bishop Mus. Bull. 19: 122. 1925). There are, in the Arthur Her- 
barium, Puerto Rican specimens which bear this name but they were never 
reported in print as such and were included under P. (Dicaeoma) iuhulosa 
in the North American Flora, Arthur and Cummins (Phil. Jour. Sci. 59: 
439. 1936) reported P. paspalicola {P. tuiulosa) from the Philippines and 
Cummins (Mycologia 33: 147. 1941, with fig. 3) reported similar New 
Guinea collections as P. digiiariae. In neither case was P. oahuensis given 
consideration, although the New Guinea collection occurs on the same host, 
D. pruriens. Hiratsuka (Bot. Mag. Tokyo 59: 20. 1935) has recognized P. 
oahuensis on four species of Digitaria (Syntherisma) in Formosa, as well as 
for various localities in other publications. The African Puccinia on 
Digitaria has been referred to P. digiiariae (Sydow, Monogr. Ured. 4: 604. 
1924; Boidge, Bothalia 2: 124. 1927, with fig.; 3: 499. 1939, with fig. 16; 
Hopkins, Trans. Rhod. Sci. Assoc. 35: 106. 1938; Dade, Bull. Misc. Inf. Kew 
1940: 219. 1940). 

Through the courtesy of Miss Doidge and Dr. Bisby representative col- 
lections of the African rust have been available for study, although I have 
not seen Pole Evans’ type. I have been able to study telial material from 
Hawaii (including the type, fig. 10), the Philippines, New Guinea, India, 
Transvaal, Southern Rhodesia, Uganda, Brazil and Puerto Rico (fig. 9). 
With the possible exception of the Uganda collection the specimens appear 
to represent a single species. The telia are small, inconspicuous, and remain 
more or less indefinitely covered by the epidermis of the host. Consequently 
the teliospores are closely compacted and variable in size and shape. Meso- 
spores are not uncommon, especially at the edge of the sori. At the periphery 
of the sorus there is a very slight development of brownish paraphyses (fig. 
9, p) but the sorus is not divided into locules. The urediospores are light 



Pig. 6. Uredial parapliyses of PhaTcopsora hansfordii. (Prom type.) x 800. Pig. 7. 
uiistained section of a telium. of Buhdhia cTotonis, Note that the tcliospores are not arranged in 
chains but are produced in an irregular manner from a basal, rather tluek -walled, cellular tissue 
which lies more or less at right angles to the long axis of the mature spores. (Prom culture mate- 
rial described in the text.) x 800. Pig. 8. Tcliospores of Uromyccs puMatns; the spores are 
minutely reticulate. (Prom Hansford $Sli:) x800. Pig. 9. Preehand, unstained section of a 
V telium of Pucemia oahuensis; note the slight development of parapliyses at P. (Prom Seaver & 

Chardon 1415'.) x 800. Pig. 10. Teliospores of Puccinia oahuemis. (Prom type.) x 800. Por illiis- 
‘ trations of teliospores from Africa and New Guinea see references cited in the text. hiG. 11. 

^ Teliospores of Puooinia hansfordiana. (Prom type.) x 800. Pig. 12. Teliospores of Pueetnui 

; ugandana, a species characterized by a preponderance of mesospores. The two-eelled^ spores are 

1 variable in size and configuration but are frequently diorehidioid, as shown here. (From type*. ) 

X800. : 
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cinnamon- or golden-brown, ecMnulate, and have four to six, usually four or 
five, equatorial pores. Measurements of the spores are as follows : Hawaii 
(type of P. oahicensis), II : 22-29 x 28-36 q, III : 17-26 x 27-39 q ; Philippines 
(Clemens 1712) , II : 22—26 x 25—30 q, III : 16—24 x 27—40 p j New Guinea 
(Clemefis sjk), II: 22-28 x 28-33 p, III: 17-23 x 28-46 p ; India (Sydow, 
Ured. 2272) , II : 21-26 x 26-32 p, III : 18-26 x 36-48 p ; Transvaal (Doidge, 
Myc. Herb. Union Dept. Agr. 27S87), II: 23-30 x 27-36 p, III : 14-23 
xk-50p; So. Khodesia (Hopkins 2002), II: 20-21 x 26-29 p, III: 17-25 
x 38-52 p; Brazil (Muller 540), II: 18-24 x 23-31 p, III: 17-23 x 33-42 p ; 
Puerto Rico (Seaver & Chardon 1415), II : 19-23 x 23-30 p, III : 16-22 
X 35-40 p. Doidge (Bothalia 2: 124. 1927) gives the following measurements 
for South African material: II: 19-24 x 23-33 p, III : 20-30 x 27-47 p. 
Sydow 's (Monogr. Ured. 4: 604. 1924) measurements for the spores found 
in TJredo digitariaecola are : II : 19-24 x 24-33 p, III : 17-19 x 35-40 p. 

The evidence indicates that these collections of Puccinia on Digiiaria 
represent a single species which should be designated as P. oahuensis. 
Puccinia siihstriaia Ellis & Barth. (P. tuhulostm) (see Cummins, Mycologia 
34: 683.1942) is not synonymous. 

It was mentioned above that the Uganda specimen (Hansford 2176 on 
D. scalarum) differed somewhat from other collections. The uredia have 
peripheral paraphyses like those of P. oahuensis and, while of the same size 
(20-29 x 26-35 p), the urediospores have six to eight scattered pores. The 
teliospores are similar also (17-24 x 38-52 p) but the telia rupture the 
epidermis at an early stage of development and become quite evident. This 
collection may be only a variant of P, oahuensis or it may represent an 
undescribed species. I prefer to accept the first of these possibilities until 
additional collections become available. 

Puccinia ugandana Cummins, sp, nov. (fig. 12). Pycniis, aeciis et 
urediis nullis. Teliis hypophyllis, subepidermalibus, in greges usque ad 4 mm. 
diam. dense aggregatis, soris individuis 0,2-0.5 mm. diam., castaneo- 
brunneis, pulvinatis ; teliosporae variabiles, praecique ellipsoideae vel plus 
minusve diorchidiodeae, utrinque rotundatae, medio non vel leniter con- 
strietae, 17-24 x 22-27 p ; membrana pallide castaneo-brunnea vel aureo- 
brunnea, levi, 2-2.5 p cr., ad apicem 3.5-6 p ; mesosporis copiosis, ellipsoideis 
vel globoideis, 17-23 x 19-25 p j pedicello persistent!, hyalino, 3-6 p lata, 
sporam aequante vel longiore. 

Oil Jasmimm sp., Uganda: mile 20, Horina Road, April 1940, 0. 4?. 
Hansford 2672 (type). 

P. ugandana is a microcyclic species, strikingly different from species of 
P^mcmm previously described on Oleaeeae because of the small, commonly 
diorchidioid teliospores and the abundance of mesospores. The mesospores 
are the predominant type, the two-celled spores being infrequent. Because 
of the small size of the mesospores they can be readily distinguished from 
the teliospores of Uromyces hohsoniYize or U. eomedens Sydi. 
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CUMMINS- TROPICAL RUSTS 


PucciNiA VAGANS, (DC.) Arth.,' Oil Epilobium New Ci'ixea : 

Mt. Sarawaket, Oct, 18, 1937, Cienmis 7262, 

P, vctQdyis has not bcGii reported from Isew Cniiica hiii is u rust nf wiilt* 

, distribution. The collection consists of thnsystemie aecia whieli arr 
istie of the species. It was collected at an estimated elevation of ICMMIll ft, 

,# 

Kavenelia brevispora Hirats, & Hash., on Brcipim! sp,. New Uuinea: 
Morobe: Kajabit Mission, July 29, 1939, September IdlB, (lunnis sji.; im 
Phyllanthtis sp., Kajabit Mission, Sept. 20, 1939, Chmem 1(^7 HfK 

Telia are not present in these collections but there are old aetda! spots 
which may indicate that this species, has .cupulate aecia. Tfiroii^di the kimi 
ness of Dr. Hiratsuka I have been able to compare the uredia with the typi* 
of R, brevispora and find satisfactory agreement. 

- B, brevispora was described (Bot. Mag. Tokyo 49: 522. 1935 ) on 
Phyllanthus reticulatus from Formosa and has not been rt*p<»rted previously 
from New Guinea. 

Uredo cenchricola P. Henn., on Genchrns cilkrk, Foanda; Kawaridii, 
March 1941, C. G. Hansford 2987, 

While no specimen has been available for comparison I feel sure that 
Hansford's collections are TJ. cenchricola. The speuTs are large, measiiriiig 
23-29 X 29-39 (-42) p, have a cinnamon-brown wall 2-2.5 p In thicknm, niiij 
four or five equatorial pores. The species is readily distinguishable from 
Puccinia cenchri Diet. & Holw. because of the more mimerous p<n*es. 

Uredo cissicola Cummins, sp. nov. llrediis hypophyllis, rariiis epi» 
pliyllis, siibepidermalibus, sparsis vel laxe aggregatis, rotundatis, 0.15~-0.35 
mm. diam,, cinnamomeo-brunneis, pnlverulentis, epidenuide rupta con- 
spicne; urediosporae ellipsoideae, obovoideae vel oblongo-ellipsoitieae, 19-25 
X 26-35 p; membrana 1.5 p cr., flavidula vel fere hyalina, valde echimilata; 
poris germ, obscuris. 

On Cissits quadrangularisy Uganda: Kiterera, Biisoga, September 1940, 
C. G. Hansford 2813 (type). 

TJ, cissicola is characterized by relatively large, sharply eehinulate nredio- 
spores and sori devoid of paraphyses, features which distinguish it from 
previously described rusts on Vitaceae. 

Uredo entandophragmae Cummins, sp, nov. Urediis liypophyilis, su!)- 
epidermalibus, pnstulatis, rotundatis, 0.1-0.3 mm. diani., bruninds; nre<Ho- 
sporae ovoideae, obovoideae vel oblongo-ellipsoideae, 15-21 x2«5-36 (-42) p; 
membrana 1.5 p cr. vel ad apieem 2-3 p cr., pallide cinnamomeo-bnumea vel 
ilavido-brnnnea, moderate echinnlata vel ad basim fere levibus ; poris germ, 
obscuris. . - ^ 

On Entandophragma sp., Uganda : Entebbe Road, December 1940, C, G. 

Hansford 2941 (type). 

There is no previous record of a rust on Entandophragma imr is tliere 
a similar known on Meliaeeae. 

Uredo kigeziensis Cummins, sp. nov. Urediis amphigenis, suljcpider- 
malibus, sparsis vel laxe aggregatis, ovalis, elliptieis vel linearis, nsipie ad 
# 1.5 mm. longis, longitiidinaliter dehiseentibiis, fiavidis; urediosporae late 

ellipsoideae, ellipsoideae vel obovoideae, 14-19 x 19-26 p ; membrana 1.5 p 
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cr., pallide fiavida vel liyalina, densiiiscule minuteque eehinulata; poris 
germ. obscuriS; verisimiliter sparsis. 

Oh Eragrostis macilenta, Uganda: Kabale, Kigezi, August 1937, 0. G. 
Emsford 2226 

Puccmia eragrostidicola Kern and Angtopsora hiratsukae Syd. have pale 
uredios^pores of about the same size as those of Uredo Ugeziensis but the 
presence of paraphyses in their uredia is a distinguishing feature. Para- 
physes are not described for Puccmia eragrostidis Fetch but both the uredia 
and the urediospores are small. 

Uredo melinidis Kern, on Melinis maiUandii, Uganda: Kawanda, June 
1940, C. 6r. Hansford 2727; on Melinis minutifiora, Sierra Leone, Njala, 

November 28, 1930, jP. U. 555. 

This species, described from Venezuela on M. minutifiora and also re- 
corded for Brazil on the same host, has not been reported previously from 
Africa. The type specimen has been available for comparison and the 
African specimens differ in no way. 

Inasmuch as Melinis minutifiora is a native of Africa and was introduced 
into South America one might expect that the rust also originated in Africa. 

The grass occurs as a forage plant in South and Central America and the 
West Indies and the rust will probably be found to have a wider distribution 
than recorded at present. 

Uredo mira Cummins, sp. nov. Urediis subepidermalibus, amphigenis, 
sparsis, rotundatis vel ovalis, 0.1-0.4 mm. longis, pulverulentis, castaneis, 
epidermide Tupta conspicue, paraphysibus peripherales variabiles numerosis, 
plus minusve cylindraceis, 10-20 x 50-85 jj, membrana pallide flavida vel 
fere liyalina, 2-3 p cr. vel ad apicem 3-30 p ; urediosporae ellipsoideae, 
obovoideae vel late ellipsoideae, 23-29 x (29-) 32-40 (-42) jj; membrana 
2-2.5 jj cr., moderate echinulata, obscure cinnamomea vel castanea; poris 
germ. 3 vel rarius 4, aequatorialibus. 

On Manisuris altissima (M, fascic/ulata) , Buenos Aires, Argentina, March 
1906, B. Thaxter 63 (type) (Keliq. Farl. 759 as Puccinia levis). 

JJ. mira is characterized by rather large, dark brown spores and highly 
variable paraphyses. The paraphyses may be narrowly or broadly cylindrical 
or more or less bottle-shaped and may be straight or variously curved. Their 
walls may be uniform in thickness or greatly thickened above. 

The most nearly related species is Puccinia cacao McAlp. (Uredo 
rottboellii Diet). Urediospores of the two species are similar in size and 
pigmentation but if published descriptions are correct P. cacao does not 
form paraphyses in the uredia. P. pappiana Syd. on Manisuris granularis 
has capitate paraphyses and smaller urediospores. 

Thaxter 's specimen was mentioned by Arthur (Proe. Am. Phil. Soc. 64: 

177. 1925) under P. ZmA Spegazzini (An. Mus. Nac. Buenos Aires 19: 319. 
1909) reported a rust on the same host under the neme Eredo rott'boellii 
but it may very well be U. mira. 

Uredo morobeana Cummins, sp. nov. Urediis subepidermalibus, in 
maculis brunneis sparsis, plerumque hypophyllis, oblongis, 0.2-0.5 mm. 
longis, pulverulentis, brunneis, epidermide rupta conspicue ; paraphysibus X 
nullis ; urediosporae globoideae vel late ellipsoideae, 20-27 x 25-32 p ; mem- ^ 



CUMMINS: - TROPICAIi EUSTS' 

braiia 1.5—2 p.er., aiireo- vel pallldc cliuiEmoiiit^o-bfiiiiiieE, f*‘S'liiiiii- 

lata ; poris germ. 3 vel 4, aeqiiatorialibiis. 

On Eulalia (Pomnia) fnlva, New 'Guinea: Monlii- Kiiialiii 
Dee. 2j 1939, Clemem 10857 (type). 

JJ. moroheana is nearer, to-P. kimurm Hirats. & Yosls., whieli f Inive hei‘ii 
able to examine tlirougii tlie eoiirtesy of Dr. HiratHiika, than to otfit^r-spivies 
wliicli parasitize Eulalia or related. genera, but the urediospores of IK kiniunii 
average slightly smaller and are more deeply pigmented and nmv tdoMdy 
echiniilate. The absence of paraphyses serves to separate U, mamhaiim rrmii 
most species which occur on PulaZia. 

Uredo eulaliae-fulvae Cummins, sp. nov. Urediis ampliigeiiis, siibepi- 
dermalibns, longitudinaliter f arde dehiscentibus, in maciilis brmiiieis spursis 
vel plus minusve striatis, oblongis vel linearis, 0.4-1.0 mm. Imigis, liriuineiN; 
paraphysibus brevibus, ineonspicuis, obovoideis, 5-28 p latis, 23-dlC) p altis, 
membrana nbiqne 1 p cr., hyalina; urediosporae obovoideae vel obloiigae, 
(17-) 19-26 (-28) X 29-38 (-42) pj membrana flavida vel aurea, 1.5 p er. 
vel ad apicem 2-4 p cr., laxiuseule echinulata; poris germ, obseiiris, veri- 
similiter 5, aequatorialibus. 

On Eulalia {Pollmia) fulva, New Guinea*. Mo robe: Kapibit Mission, 
Oct. 3, 1939, Clemens 10719, Dee. 13, 1939, Clemens sji.; Wantoat, Jan. 13' 
1940, Clemens 10978 (type); Matap station, Mar. 8, 1940, Chmms sjl; 
Boana, May 15, 1940, Clemens s.n. 

Mrs. Clemens’ notes indicate that the uredia are golden when fresh, but 
they appear brownish when dry. The spores are pale golden or nearly 
hyaline, are freqnently angular, and have an apical wall which nuiy be 
uniform or slightly thickened. Hyaline, thin-walled structure whicdi collapse 
easily and which I assume should be interpreted as paraphyses are prmmt 
in the sori but are incoiispicuous and easily overlooked. 

II , eulaliae-fulvae differs from Z7. moroheana and from other rusts on 
Eulalia because of the large, pale spores and the peculiar paraphyses. 

Uromyces nattrassii Cummins, sp. nov. Pycniis epipliyilis, subepuier- 
malibus, paraphysatis, globoideis, 100-135 p diam. Aeeia pycnia circulariter 
circiimdantia, amphigena vel caulieola, subepidermalia, in nmcuiis moderate 
incrassatis usque ad 8 mm. diam., confluentibus, cinnamomea, pulvenilenfa. 
uredinoidibus ; aeeiosporae globoideae vel late ellipsoideae, 23-28 v 26-33 p ; 
membrana 2.5-3 p cr., cinnamomea vel pallide eastanea, moderata dense<|ue 
verrucosa; poris germ. 2, aequatorialibus. Teliis aeciis coiiformibus sed 
pallide flavidis et compactis; teliosporae ovoideae vel obiongae, ad a|U(*eum 
rotuiidatae vel plus minusve truncatae, deorsum attenuatae, (16-) 18-24 
(-26) X (25~) 30-40 p ; membrana l,5-'2 p cr., ad apicem 6-11 p. hyalina vel 
pallide flavidnla, levi; pedicello hyalino, persistenti, usque ml 90 p longo; 
statim germ. 

On Statice spicatum, Ctpkus; Famagusta, May 1935, R. M. Nattnm :>!:> 

(ttpe). . , , 

Uromyces nattrassii differs from species described previously on related 
hosts in having colorless teliospores and uredinoid aeeia. Apparently, urinlia 

are not formed or, if formed, do not differ from the aeeia. I he juvia and telm 
occur in a more or less complete ring around the pycnia. the telia co!!un«ni!> 
developing in the aeeia. 
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Nattrass (A first list of Cyprus fungi. 1937, p. 23) reported the above eoh 
lection, together with two other specimens (Nos. 489, 490) on the same host 
and two specimens on 8. limonium, as Uromyces Umonii (DC.) Lev. The rust 
on 8. limonium was probably as reported. Apparently, neither the pycnia nor 
the telia were detected on 8. spicatum. Nattrass published notes, made by W. 
F. Steven of the Imperial Mycological Institute, pointing out that ''No. 490 
is similar in all respects, including malformation of the stems, to No. 3101, in 
Herb, Kew, on 8tatioe sinuata L. from the Island of Lemnos, Greece (Exsiec. 
Mus. Hist. Pat. Vindobin 1925).’' This may indicate that U. naitrassii aim 
occurs on 8. sinuata but an examination of the specimen would be necessary 
to decide the point, since Sydow (Monogr. Ured. 2; 42. 1910) and Malen§on 
(Kev. Mycol. 1: 270. 1936) report 8. sinuata under Z7. Umonii. MalenQon 
states that 'Ges teleutosores sont rares” which would indicate that he saw 
telia. In referring, in the discussion following his description of Uromyces 
statices-mucronataey to the rust on 8. sinuata he writes (L c., p. 271) 
d 'autre part, sur Statice sinuata, ces uredosores forment de grosses pustules, 
nombreuses, generalement confluentes et deformantes, bordees par les tissus 
roiigis de la plante. " 

Pi'esumably, Nattrass’ specimens Nos. 489 and 490 on 8. spicata will be 
found to be U. nattrassii but this, as well as the identity of the rust on 8. 
sinuata, can be decided only when the specimens have been compared with 
the above description. 

Uromyces pustulatus Wakef . (fig. 8) , on BauMnia fassoglensis, Kenya : 
Kibos, Feb. 1921, T. D. Maitland (type) ; Uganda: Kiterera, Busoga, Sept 
1940, C. G. Hansford 8811. 

The teliospores of this mieroeyclic species were originally described (Bull. 
Misc. Inform. Kew 1922: 163) as verrucose but are actually finely reticulate. 
It is necessary to examine the spores soon after mounting since the outer 
portion of the wall swells and then usually appears to be verrucose. In the 
portion of the type received from Miss Wakefield the sori are on the pods 
while in Hansford’s specimen they occur on the leaf blades, where they 
cause slight distortion, and on the petioles and stems. 

U. pustulatus is near to U. goyazensis P. Henn., which has finer reticu- 
lations, a less pronounced apical thickening, and somewhat longer, narrower 
spores and to U. floralis Vestergr., which has about the same reticulation but 
a thinner apical wall. The only other African species with reticulate telio- 
spores is U. rhodesicus Wakef. It has uredia in the life cycle, as does tl. 
congoensis with verrucose teliospores, and the teliospores are globoid or 
depressed globoid and dark brown and opaque. 

The Arthur Herbarium, Purdue University Agricultural 
Experiment Station 
Lafayette, Indiana 
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A NEW SPECIES OF SPHAERALCEA FROM NEW MEXICO^ , 

C, L. POKTER * 

Sphaeralcea procera Porter, sp. iiov., Plaiita pereniiis. iiiril!ilt*r 
iiicaiia, fere 3 m, alta, ramis adsceiuleiitilms mimerosis, (’aiilis pili IVri» flo 
iiini. loiigi, radiis fere 16. Lamina folionim 1-5 em. loiijm, mruic'ea,, iiifm 
proiiiiiieiiter venosa, riigosa, margiiiibixs erispis, ovat<»“obl<aitrii, ad basiiti 
ciineata ad apicem acuta vel obtixsa, 3 venis valitlis a hast* 
pleriimqiie 3-lobata, lobo terminali qiiam iobo lateriore largiare, iiiargiiie 
irregulariter deiitata. Petiolus 5-10 nm. lougus. hifloreseeiitiii aiigiista, 
densa, interrupta, tliyrsoidea, fere usque ad apieetn i‘oruu*ea. Petlii'elli t*alyc*i 
breviores. Calyx ad faciem dorsalem dense piibescens, fere 5 mm. altiis. lubis 
deltoidis tubum aequantibus vel pauce exeedentibus. Corolla roHeoqnirpiirm. 
Carpelli fere 10, fere 3 mm. alti et 2 mm. lati, galeatiformes, (*rasstoretii'ii!ati, 
Ovuli 2 et semiiia 1 in quoque carpello, semiiiis margine puht*see!itL 



1 Contributions from the Department of Botany and the KoAy ATouutuhi Dcrbanum 

of tlie University of Wyoming No. 195. 

m "V/' 
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Type • C L Porter 3037, collected in a dry sandy arroyo about 20 miles 
north-east of Deming, Luna County, New Mexico, September 14, 1941, in 
the Rocky Mountain Herbarium, University of Wyoming, Laramie, Wyo- 
ming Isotypes in the herbaria of the Missouri Botanical Garden and the 
New’York Botanical Garden, and in the U. S. National Herbarium. 

This* species may be referred to the subgenus Eusphaeralcea and the sec- 
tion Enioryanae. It is immediately distinguished from all species in the 
United States by its size and shrubby nature and from the species in its see- 



Fig. 2. Sphaeralcea proeera; a single carpel from tlie type, x 15. 

tion by the nature of the carpels. In leaf characters it approaches S. emoryi 
vuTidhilis (Cockerell) Kearney, to which it might be considered as most 
closely allied. 

The species described above was encountered while the writer was on a 
botanical collecting trip in the Southwest which was financed partly by a 
Grant-in- Aid from the Sigma Xi Alumni Kesearch Fund, and it is a pleasure 
to acknowledge the assistance thus obtained. 

The Eocsy Mountain Herbarium, University OF ■Wyoming 

Ijapamie, Wyoming 
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STUDIES ON PACIFIC ISLAND PLANTS—III 
NEW AND NOTEWORTHY FLOWERING PLANTS 
FROM FIJI 

A. C. ' Smith 

The species discussed in the following pages are either novelties, or rep« 
resent range-extensions into Fiji, or are sufficiently nmisnal to merit notes. 

The greater part of the herbarium material which is the basis of thin study 
was forw^arded from the Bernice P. Bishop Museum in lfl4h amt I am in- 
debted to the authorities of that institution, and especially to JlisH Marie i 
Neal, for their cooperation. The place of deposit of cited specimens is iiicli- : 
Gated by the following parenthetical abbreviations: Arnold Arboretuiii (A), i 
Bishop Museum (Bish), Gray Herbarium (GH). 

Two families here mentioned, Alismaeeae and Tridac^eae, have not other- , 
wise been recorded from Fiji; both are represented by introduced species. 

The genera Scirpodendrori and Ehamnella, represented by species native to ! 
the group, are here first reported from Fiji, while the following genera are 
apparently first listed from the group and are based upon records of intro- 
duced species: Sagittaria, Sisyrimhium,, Tritonm, Hedijehiumf SeneMem^ I 
Gymndropsis^ and Alhizzm.^ In this treatment ten species are 

described as new and two new combinations are proposed. 

TAXACEAE | 

Dacrydium lycopodioides Brongn. & Gris in Bull. Soc. Bot. Fr. 16: 

1869; A. C. Sm. in Bishop Mns. Bull. 141: 11. 1936. 

Yiti Levu : Naitasiri : Central Road, 8 miles from Suva, alt. 240 m., J/oe- I 
Darnels 1151 (Bish) (tree 35 m. high, the trunk 120 cm. diam. ; timber good ; 
in rain-forest). 

Previously recorded, in Fiji, only from a single eol lection iroiii \ anna 
Levu. 

alismaceae I 

Sagittaeia sagittipolia L. Sp. PI 993. 1753. ^ ^ ^ ^ 

Yiti, Levu : Naitasiri: Rewa Delta, in water along ^Vainimbokasa River, ^ 

MacDaniels 1020 (Bish), ^ ^ , 

This widespread species, perhaps a recent introduction into Fiji, has been 
reported in the Pacific area only from' Hawaii and Raratoiiga, Our specimen i 
represents a broad-leaved form. 

i ln a recent paper entitled adventive and weed flora of the leeward coa^^ts *>f 

Fiji,’' in Proe. Linn. Soc. 154: 92-106. 1943, William Greenwood has liKted a few species 
which are discussed as new records in the present paper, which was prepared l>etcoH* tht‘ 
cited publication was available. 

■ 'f-'--' V . ", ; 
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TRIUBIDACEAE 

Andruris vitiensis (A. C. Sm.) Giesen in Pflanzenr. 104 (IV. 18) : 28. 

1938 ; A. C. Sni. in Sarg'entia 1 : 5. 1942. 

ViTi Levu : Naitasiri : Koroinbamba Mt., woods near summit, alt. 550 m., 
Gillespie 2352 (Bish) . 

TMs^speeies has previously been reported only from Vanua Mbalavu and 
Vanua Levu. 

GRAMINEAE 

(determinations by Agnes Chase) 

IscHAEMUM TiMORENSE Kunth, Rev. Gram. 1: 369. pL 98. 1830; Lauterb. 
inBot. Jahrb.41:222.1908. 

ViTi Levu : Rewa : Between Navua and Suva, Greenwood 817 (GH) (in 
clumps up to 60 m. high). 

This species has apparently not previously been recorded from Fiji and 
is known from the nearby groups only from Lauterb ach’s mention of it in 
Samoa. 

Paspalum distichum L. Amoen. Acad. 5: 391. 1759, Syst. Nat. ed. 10. 2: 

855, 1759; Rechinger in Denkschr. Akad. Wiss. Wien 81: 301. 1907 ; Chris- 
toph, in Bishop Mus. Bull. 128 : 10. 1935. 

ViTi Levu : Lautoka : Lautoka, Greenwood 830 (GH) (creeping peren- 
nial, up to 30 cm. high, on dry hillsides). 

Although reported from Samoa and other Pacific groups, this species 
appears not to have been previously listed from Fiji. 

Eragrostis unioloibes (Retz.) Nees ex Steud. PL Glum. 1: 264. 1854. 

ViTi Levu : Nandronga; Singatoka, Greenwood 815 A (GH) (on dry hills 
at roadside). 

Apparently this plant has not otherwise been reported from Fiji or any 
of the nearby groups. Mr. Greenwood states that it was first seen in Fiji at 
Navua (Viti Levu) in 1939, since which time it has evidently spread along 
the road to Lautoka ; only a few patches were seen at the cited locality. 

cyperaceae 

SciRPODENDRON Ghaeri (Gaertn.) Merr. in Philip. Jour. Sci. Bot. 9: 268. 

1914. CMonanthus Ghaeri Gaertn. Fruct. 1: 190. t. 39, f. a-e. 1788. Pty~ 
chocaryum Ghaeri H. Pfeiff. in Rep. Sp. Nov. 21 : 240. 1925, 28 : 20. 1930. 

Viti Levu : Serua: Thulanuku, near lAgelodi,, Beg ener 15103 {GiR) (in 
marsh near ocean; native name: mmmw). Vanua Levu : Thakaundrove : 
Maravu, near Salt Lake, Degener & Ordonez 14249 (GH) (herb up to 1 m. 
high, in marsh in coconut plantation near sea ; leaves used for thatching ) . 

This species has not otherwise been reported from Fiji, although it is 
known from Samoa, usually having been reported under the synonym of 
Scirpodendron costatum (Thw.) Kurz; it is also recorded from Micronesia. 

We also have available a collection from the New Hebrides (Santa Cruz 
Group : V anikoTO i Kajewski 662 [GH], in salt-water swamp in rain-forest, 
with leaves up to 2.5 m. long) . 

Pfeiffer, in the publications cited above, has referred this plant to 
caryttm R. Br., apparently believing that this genus was validly published % 
before Scirpodendron Zippel ex Kurz (1869). I am unable to find that this 


1943] 


SMITH : PLANTS PROM FIJI 

is the case. The name Ptychocarya (not Ptychocanium) appaiviillv fn-K? 
appears m Wallich’s Catalogue (p. 123, no. 3538. 183(i) iimler Sch n>! 
carpa Wall., as “ Ptychocarya, illnstr. R. Br. (gen. nov. i.” 'Phe cointiiiiatieii 
ptychocarya macrocarpa seems to have been fir.st nimle by Stemlei ( Xhtiiiene!. 
ed. 2. 2: 416. 1841), without comment. Lindley (Veg. Ki'ngd. ll!l. lH46 i ii^s 
Ptychocarya R. Br. without description or reference to an earlieixdeycr'n- 
tion. 

It thus appears that Ptychocarya was not adeiiuately published before 
1869 and that it cannot be taken to replace Scirpodcndnni. The spc!!ino o) 
Brown’s name was “corrected” by Post and Iviintze (la'.-sic. 470. l‘M)4! io 
Ptychocaryum, which was adopted by Pfeiffer. The more complete synonymy 
of the species was given by Pfeiffer in 1930. 1 am indebted to i)r. II.’ \\\ 
Rickett for verifying the above conclusions as to the proper hinoniia! for 
this plant. 

IRIDACEAE 

SISYRINCHIUM MICEANTHUM Cav. Dissert. Bot. {()). 345. pi. 191, /. ]?. 
1788. 

ViTi Levu: Tholo North: Vicinity of Nandarivatu, in pastures, alt. 900 
in., Oillespie 3728 (Bish, GH) (native name: ira ma udmli). 

This American plant has become widely distributed ; in the Pacific it has 
been reported from Easter Island and New Caledonia, and it is mituralimi 
in southeastern China. It was doubtless aeeideutally iatrodueed into Fiji. 
The genus has not otherwise been reported from the grou]i, nor, as far I can 
ascertain, has any representative of the family Iridaceae. 

Teitonia ckocosmiabplora (Lem.) Nichols. Diet. Card. 4 : 94, as T. rro- 
cosmiflora. 1887. Monthretia crocosmiaeflora Lem. ex Andre in Rev. Hurt. 
54: 124. pL 1882. 

Vm Levu : Tholo North : Nandarivatu, in open waste places, alt. KX'K) ra., 
Parks 20658 (Bish). 

This common garden hybrid has apparently escaped from cultivation and 
should be listed among the adventive plants of Fiji. It has been reported as 
naturalized in Hawaii by Degener (PI. Haw. Nat. Park 105. pi. 25. 1930) . 

ZINGIBEEACEAE 

Hedychium coronarium Koenig in Retz. Ohs. Bot. 3: 73. 1783 ; K. Selnim. 
in Pflanzenr. 20 (IV. 46 ) : 44. 1904. 

Fiji, WITHOUT DEFINITE LOCALITY :6ri(lespie, 47.41 (Bish, fls. only) (flowers 

white, fragrant, worn in hair by dancers; native name : the ranya). 

This widely cultivated species is commonly found in Fijian villages and 
is probably more or less naturalized, but it appears not to have been i>revi- 
onsly recorded from the group. 

DLMACEAE 

Celtis Harperi Horne ex Baker in Jour. Linn. Hoc. Bot. 20: 371. J883. 

Vantja Levu : Mbua : Southern portion of Seatovo Range, all . KXl— :fc>tl in., 
Smith 1568 (GH) (slender tree 4 m. high, in forest) ; Tiiakaundimve : Natmya 
Peninsula, Uluingala, alt. 600— 820 m., Smith 19/6 (GII) (tree 8 m. high, in 
dense forest) . 

The only species of Celtis thns far reported from Fiji is C. /for/irri. based 
on a specimen collected by Horne between Wai AVai and Lonialoma. Vauua 
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Levu. The original description of this species, although brief, indicates that 
C. Harperi is represented by the two specimens cited above, rather than by 
the Viti Levu specimens cited in connection with the following species. 
Baker’s mention of the leaf -blades as 3-4 inches long, inches broad, and 
acute seems to exclude the Viti Levu specimens, which have the blades smaller 
and obtuse. 

The Vanua Levu specimens here cited have the petioles 10-20 mm. long, 
the leaf-blades 8-13.5 cm. long and 4r-6 cm. broad (about 3-5J by li-2J 
inches) , obtusely cuspidate or short-acuminate, usuaHy callose-mueronulate at 
apex, and conspicuously 3-nerved from the base, with 2-4 pairs of weak sec- 
ondaries arising from the costa. The fruiting inflorescences are up to 7 cm. 
long, 2 or 3 times dichotomously branched, or reduced and essentially simple ; 
the drupes are ovoid, up to 12 mm. long and 8 mm. broad, and abruptly nar- 
rowed to the persistent stigmas. 

On the basis of many modern interpretations of (7. paniculat a {Bndl.) 
Planch., one might take 0. Harperi to be a synonym, but I am inclined to 
doubt that G. paniculata has the extensive Pacific range accredited to it by 
P. Brown (in Bishop Mus. Bull. 130: 29-32. 1935) and others. It may also be 
questioned whether the plant mentioned as 0. paniculata by Kanehira (PL 
Micron. 82. /. 1933) and other workers on Micronesia is the same as the 

Norfolk Island plant which was the basis of Planehon’s combination (Soleno- 
stigma paniculaUtm Endl. Prodr. PI. Norfolk. 42. 1833). On the basis of the 
original description, Australian herbarium specimens, and the interpreta- 
tions of students of the Australasian flora (e.g.. Banks and Soland. 111. Austr. 
PI. [Bot. Cook’s Voy.] 3: 90. pi, 298. 1905), one observes that the leaves of 
G, paniculata have comparatively short petioles, inconspicuous lateral basal 
nerves which are scarcely stronger than the several upper secondaries, and 
a gradually acuminate apex. 

Celtis vitiensis A. C. Sm., sp. nov. 

Arbor ad 4 m. alta (vel ultra?) sub fructu ubique glabra, ramulis 
gracilibus subteretibus cinereis copiose lenticellatis ; stipulis subeoriaceis 
acutis 2-4 mm. longis demum caducis ; petiolis gracilibus leviter eanaliculatis 
4-10 mm. longis ; laminis chartaceis in sicco f usco-olivaceis utrinque papil- 
lato-rugulosis, ellipticis vel ovato-ellipticis, (3-) 4-9 cm. longis, (1.5-) 2-4 
(-4,5) cm. latis, basi obtusis et in petiolum saepe inaequilateraliter decur- 
rentibus, apice late obtusis vel subrotundatis et saepe inconspicue emargina- 
tis, margine integris et leviter reeurvatis, e basi trinerviis, costa supra paullo 
elevata subtus prominente, nervis primariis 2 supra medium laminae arcu- 
atim productis exterius venas paucas inconspicuas emittentibus, nervis 
secundariis utrinsecus 2 vel 3 inconspicuis plerumque utrinque prominulis, 
rete venularum immerso vel interdum subtus prominulo ; cymis fructiferis 
1-2 cm. longis pauciramosis, pedicellis 1-3 mm, longis; drupis elongato- 
ovoideis, maturitate 8-9 mm. longis et 5-6 mm. latis, inconspicue 2-angulatis, 
basi obtusis vel rotundatis, apicem versus abrupte angustatis, stigmatibus 
conspicue bilobatis complanatis subpersistentibus. 

Viti Levu*. Tholo North : Vicinity of Nandarivatu, alt. 750 m.^ Deg ener 
14322 (A — type), Feb. 9, 1941 (tree 4 m. high, on forested stream-bank; 
fruit blue-black, succulent) ; Nandrau, alt. about 600 m., D eg ener 14897 (A) 
(in forest) ; trail around escarpment behind Government Station, Nandari- 
vatu, alt. 800 m., Gillespie 4185 (BisK, GH) . 
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Similarly a member of the Subgeims S(d€nostigma f End!.; Fliiiifdi., i\ 
vitiensis difieTS> from C. Harperi Horae, doiibtiess itn elosest allv, iii ith 
shorter petioles, smaller leaf-blades with papillate-ra^nilose s!irriit*<‘K mid 
obtuse or nearly rounded apices, and smaller drupes. The citt^d spi^tniiieiis 
were originally distributed to Yarimis: herbaria under the name of V, 
Harperi. Degener reports the native names of marma and mafhn fuf Ids nos. 
143M Biid 14897 respectively, but these names usually refer to speeiev nf 
Saphidaceae and Lauraceae. 

PROTEACEAE 

Kbrmadecia ferruginea a. C. Sm. in Bishop ISlm. Bull, 141: 4H. 

Taveuni: Trail above Somosomo, alt. 1000 m., Gilleapk iHi2 (A. Bisli) 
(on exposed summit ridge; native name: kau mbutii). WiTinurT definite 
LOCALITY: [‘'other side of W/'], Gillespie 3201 (A, Bish) (native iiaiiie: 
thivea) . 

Of the above-cited collections, the first was obtained near tlie type lo- 
cality, and it is quite probable that Gillespie’s cryptie locality for Ids tw. 
3201 refers to Waiyevo, one of his other stations on Taveuni. Eacti id the 
cited collections is accompanied by a detached fruit and has leaves larger and 
older than those originally described, making desirable the following amplitb 
cation of the description : 

Petioles np to 6.5 cm. long; leaf -blades up to 17 cm. long and 12.5 em. 
broad, subcordate to inequilaterally subacute at base, often nearly nmnded 
at apex, lightly undulate and essentially entire at margins, persistently 
ferruginous-tom entose on the main nerves above or giabreseent, at length 
nearly giabreseent beneath, the principal secondary nerves often 4 or 5 
pairs ; raceme up to 9 cm. long in fruit ; fruit coriaceous when dried, ellipstad 
or ovoid, slightly flattened, at maturity up to 23 mm. long, 20 mm. broad, 
and 14 mm. thick, rounded at base, subacute and perluips mucronulate at 
apex, the pericarp probably earnose when fresh, blackish when dried. 


portulacaceae 

Talinum panioulatum (Jacq.) Gaertn. Pinict. 2: 219. pL 128. 1791; v. 
Poelln. in Rep. Sp. Nov. 35 : 10. 1934. 

Ovalau : Along coastal road north of Levnka, near sea, Gillespie 4495 
(Bish, GH). 

This widespread weed has already been reported from Pijk under tlie 
synonym T. patens (L.) Willd., by Seemaiin (PL Vit. 10. 1865). It is thus 
far recorded, in Fiji, only from Ovalaii, hut apparently it is common in the 
Society Islands. A native of tropical America, the species is now widely 
naturalized in China. 

degeneriaceae 

Degeneria vitiensis I. W. Bailey & A. C. Sm. in Jour. Arnold Arb. 23: 
ZSl.pl. 1—5. 1942. 

ViTi Levu : Naitasiri : Nanduna, alt. about 90 m.,^ />. E. Parham 1 { A ^ 

(tree about 18 m. high, in forest; native name : masiraiit; timber usefulT 

The recently deseribed monotypic Degeneriaceae has ]>revious!y been 
known only from collections in Tholo North, Viti Levu, and Mbua, \ auua 
Levu. The third collection, cited above, comes from the southeasttTn_ portion 
of Viti Levii; its foliage precisely matches that of the type and it is ac- 
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comp allied by an old fruit whieb offers no characters not brought out in the 
original description. Mr. Parham states that the species is fairly frequent in 
the cited region. 

ANNONACEAE 

Polxalthia angustifolia A. C. Sm., sp. nov. 

Arbor sub f ructu ubique glabra ; ramulis gracilibus subteretibus rugulo- 
sis inconspicue lenticellatis ; petiolis eanaliculatis 6~10 mm. longis superiie 
anguste alatis; laminis subcoriaceis in sicco fuscis oblongodanceolatisy (6-) 
12-17.5 cm. longis, (2.5-) 3-4 cm. latis, basi subacutis et in petiolum in- 
conspicue deeurrentibus, apice obtusis vel breviter et obtuse cuspidatis, 
margine integris et leviter recurvatis, costa supra valde impressa subtus 
prominente, nervis secundariis utrinsecus 7-12 brevibus arcuatis anastomo- 
santibus supra subplanis subtus prominulis, rete yenularum immerso vel 
subtus paullo prominulo; infructescentiis ut videtur breviter pedieellatis, 
pedicello sub fructu crasso tereti ruguloso 2 cm. vel ultra longo, lobis calycis 
persistentibus 3 subcoriaceis late deltoideis ad 2 mm. longis obtusis ; re- 
ceptaculo subgloboso sub fructu ad 7 mm. diametro ; carpellis maturis ut 
videtur circiter 12 breviter stipitatis (stipitibus crassis ad 2 mm. longis) 
obovoideo-ellipsoideis, 15-22 mm. longis, 12-15 mm. latis, apice rotundatis, 
pericarpio coriaceo tenui inconspicue ruguloso ; seminibus 1 vel 2 adscenden- 
tibus obovoideis vel subglobosis, ad 14 mm. longis et 11 mm. latis, interdum 
subcomplanatis et leviter carinatis. 

ViTi Levu: Naitasiri: Tamavua woods, 7 miles from Suva, alt. 150 in., 
Gillespie 2198 (A— type, Bish, GH), Aug. 9, 1927. 

Polyalthia angustifolia is readily distinguished from the other Fijian 
species of the genus by its long narrow leaf -blades with subacute bases. The 
carpels, with one or two erect seeds, indicate the probable place of the new 
species in Polyalthia, but this position should be verified by the collection of 
flowers. 

Xylopia pacifica A. C. Sm., sp. nov. 

Arbor ubique praeter inflorescentiam demum subglabra vel ramulis 
apicem versus et petiolis cinereo-puberula ; ramulis gracilibus teretibus 
cinereis copiose lenticellatis; petiolis rugulosis eanaliculatis 2-6 mm. longis, 
superne basi laminae decurrente alatis; laminis subcoriaceis siccitate fuscis 
ovatis vel elliptieis, 4.5-11 cm. longis, 2.5-5 cm., latis, basi obtusis et in 
petiolum abrupte deeurrentibus, apice cuspidatis vel acuminatis (acumine 
ipso ad 8 mm. longo obtuso), margine integris, subtus pilis ad 0.5 mm. 
longis cinereo-hirtellis demum glabrescentibus, supra costa interdum brevi- 
ter pilosa exeepta glabris, costa conspicua utrinque prominente, nervis 
secondariis utrinsecus 7-18 cum aliis debilioribus interspersis patentibus 
utrinque valde prominulis marginem versus anastomosantibus, rete venu- 
larum copiosarum intrieato utrinque prominulo; inflorescentiis axillaribus 
vel e ramulis infra folia orientibus brevibus 1- vel 2-floris, rhachi pedicel- 
lisque primo dense sericeo-puberulis, rhachi 2-3 mm. longa, braeteis mox 
eaducis; pedicellis crassis 2.5-3 mm. longis basim versus 1 mm. superne ad 2 
mm. diametro; calyce ut pedicello puberulo coriaceo late eupuliformi, sub 
anthesi 3-4 mm. longo et circiter 6 mm. diametro, intus glabro, sepalis 3 
late ovato-deltoideis, circiter 2 mm. longis, 4-5 mm. latis, apice obtusis vel 
rotundatis ; corolla cylindrico-urceolata inconspicue hexagona, basi dilatata, 
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immaturaM 9 mm. longa, petalis 6 carnosis \’a]vati.s biseriati.s, ;i 

lanceolatis basim versus eireiter 5 mm. latis, extiis dense ])ailid(r-seri.-ei>, 
intus copiose pallido-puberulis, interioribns d brevioribiis dense puhenilis e 
basi incrassata eireiter 2.5 mm. lata subnlatis; torn .suheoniei) eireiter I iinn. 
alto externe staminifero medio profimde exeavato apiee irre-rnlari ; slatnini- 
bus eireiter 200 arete imbricatis 1.3-1.5 mm. longis. filamentis litrn'hitis fi.2- 
0.5 mm. longis, conneetivo in appendienlam mimitam 
papillosam producto, loeiilis linearibiis obscure septafis; pisfiliis rirc*ifi*r u 
eavitate tori iiieliisis oblongo-ellipsoideis, stylo brevi iueluso (onuttu* 1.4 mm. 
longis, pilis 0.3--0.5 mm. longis apiee exeepto eopiose pailido-.serieeis, oviilis 
lit videtiir eireiter 12 oblique superpositis ; pe<iieellis sub fnuUu 
teretibus riigosis ad 15 mm. longis, reeeptaeulo demuui valde 
earpellis matiiris 2-4 inaeqiiilateraliter ellipsoideis \A obovoidcis-ellipsctideis, 
25-32 mm. longis (stipite crasso eireiter 4 mm. longo et 4-6 mm. diaitietiii 
•exeepto) , 16-21 mm. latis et crassis, ineoiispieue longitudiuaiiter rarinatis. 
apiee rotundatis, periearpio tibroso-lignoso 1-1.5 mm. ei'asso im*cuispieiie 
papilloso-riignloso vel snblevi, primo nigreseente demum eiuereo-varlegatfs, 
seminibns 8-12 (vel in friietibiis minoribus 3 vel 4). eis basim et apieem 
versus parvis, eis medium versus inaequilateraliter obovoicleo-ellipsoideis 
conspicue complanatis, eireiter 16 mm. longis et 10 mm. latis. l-o mm. 
•crassis, basi et apiee obtusis. 

ViTi Levu: Tholo North: Naiidarivatii, alt. 900 im, GiUespie 415:i (A. 
Bish, GH), 4313 (Bish) ; Rewa: Lami, alt. 100 m., Parks 209 f Bish) (tree 
6 m. high; trunk 8 cm. diam,; in thick forest) ; Naitasiri; Tholo-i-Ruva, alt. 
about 180 m., B. E. Parham 2654 (A — type), Jan. 16, 1939 (tree 8 m. high, 
in forest), Nasinii, 9-10 miles from Suva, alt. 150 m., Gillespie 34H3 (A, 
Bish, GH), 3615 (A, Bish, GH) (in woods west of road), 3663 (A, Bish, 
GH) (large tree ; trunk 20 cm. diam. ; fruit dark green). 

Xylopia paciflca, the third species of the genus known from Fiji, in 
vegetative characters strongly suggests the two already known, differing 
from them in its much shorter petioles, its leaf -blades with more obviously 
decurrent bases and somew^hat less prominent venation, and its ilifferent 
torus, which is irregular at the distal margin and forms a dee])er carpellary 
■cavity. The stamens of the new species are very numerous, being larger 
than those of X. vitiensis A. C, Sm. and smaller than those of A". Deanuri 
A. C. Sm. 

Of the cited specimens, only the type bears flowers, and this eollecthm Is 
accompanied by a single detached mature carpel. The remaining speeimens 
are in fruit. The type and Gillespie 3483 are identical in foliage, difteriuir 
from the remaining specimens in having leaves with longer aciimens and 
slightly less obvious venation. There is also considerable variatimi in the 
fruits of the cited specimens. Those described above are of the nmst matinv 
carpels, as found on the type and Gillespie 3483. Tlie remaining spc(4mcns 
have carpels only 13-18 by 10-16 mm. with (Comparatively sleuder stipes 
about 2 mm. thick; the pericarp of these carpels is 0.7-1 mm. tliick, and lac 
seeds are 3 or 4 in number and only 6-10 mm. long and broad. TIuMliffcreijee 
in number of seeds does not seem consequential, as carpels associated with 
■Gillespie 3483 may have as few as 4 or as many as 10 seeds. Twelve seeds 
were observed only in the single fruiting carpel of the Parham speeuium. 
The differences here pointed out among the available specimens seem no 
more than individnal, and I confidently refer the material to a single species. 
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MYRISTICACEAE 


Myristica macrantha a. C. Sm. in Bishop Mns. Bull. 141: 67. /. SS. 
1936, in Bnll. Torrey Bot. Clnb 68: 399. 1941. 

Yiti Levu : Naitasiri : Mt. Korombamba, alt. 300--400 m., in dense forest 
on upper slopes, Parks 20123 (Bish) . 

This species has previously been known only from two eollections from 
VanuaLevu. 


CRUCIFERAE 


Senebiera DiDYMA (L.) Pers. Syn. PL 2: 185. 1806. 

Yiti Levu : Tholo North : Nandarivatu, alt. about 800 m., Greenwood 880 
(GH) (semiprostr ate in waste places). 

Although this widespread weed has been reported from other Pacific 
groups, including Tonga, I believe that it has not otherwise been recorded 
from Fiji. 

CAPPARIDACEAE 

Gynandropsis speciosa (H. B. K.) DC. Prodr. 1: 238. 1824. 

Fiji, without definite locality: Gillespie 2821 (Bish, GH) (fliowers 
dull rose-pink). 

This tropical American plant, although now known in many parts of the 
Old World tropics as a weed, has apparently not been reported from Fiji 
or the adjacent regions. The genus is also new to Fiji. 

leguminosae 

Samanea Saman (Jacq.) Merr. in Jour. Wash. Acad. Sci. 6: 47. 1916. 

Yiti Levu: Tholo North: Yicinity of Nandarivatu, alt. 700 m., Gillespie 
4378 (Bish). 

The widely cultivated rain-tree, a native of northern South America, has 
been reported from several Pacific groups, but as far as I know it has 
previously escaped notice in the literature pertaining to Fiji. 

Albizzia Lebbeck (L.) Benth. in Hook. Lond. Jour. Bot. 3: 87. 1844. 

Yiti Levu: Rewa: Along the coast between Suva and Lami, Gillespie 
(A, Bish). 

This widely cultivated plant has not been previously reported from 
Fiji, although records of it from many other Pacific groups are found in 
literature. It is probably a native of the drier parts, of Africa and Asia. The 
genus has not otherwise been recorded from Fiji. 

Acacia Farnesiana (L.) Willd. Sp. PI. 4: 1083. 1805. 

Yiti Levu.* Ra: Ellington, on strand, Parks 20856 (Bish) (tree 4 m. 
high). 

This species, well established in most tropical countries and probably a 
native of America, has not previously been reported from Fiji in taxonomic 
literature. Its occurrence has been noted in most of the major Pacific groups. 

Mimosa invisa Mart, in Flora 20 : Beibl. 121. 1837. 

Schrankia distacJiya^^Yel bE3’ sensu A. 0. Sm. in Sargentia 1: 36. 1942; 
noiiDC. 
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Mr.,Wflliam Greenwood calls mj attention to tlie fact tlnit tfa'* sterile 
specimen {Greenwood 838) whieli I referred tentatively Hrhniiikm dh- 
tachya in 1942 aetnally represents Mimom itivim, Tliis latter vpeciiK has 
been reported from Fiji by Mr. B.,E. V. Parham in the A-rrieiiHnnii dcairiiitl 
of the Department of AgTicnltiirej Fiji^ iri a recent nnmln^r wl}it*li is pot yet 
available to me. Apparently seeds of this weed were a<*cidentally iiitroiliiced 
into Fiji from Malaysia, where the Brazilian plant has been estalilislied for 
some time; it has not been reported otherwise from the Pacdiic. Mr. Farliiiiii 
reports it from, Singatoka and Tailevii on. Viti Levu. The geiuis Sthronkia 
is therefore not known from Fiji. 

Bauhinia monandra Kurz in Jonr. As. Soc. Ihmg. 42(2) : 72. 187.1. 

Fiji, WITHOUT DEFINITE LOCALITY : A 

Although reported from various other Pacific regions, this species, protm- 
bly a native of tropical America, is apparently here listed from Fiji for 
the first time. 

PUERARIA Thunbergiana ( Sicb. & Zucc. ) Benth. in Jour. Liiin, 8oe. Bm. 
9: 122. 1867; A. C. Sm. in Sargentia'l: 39. 1942. Pachyrkizm trilobuH 
sensu Seem. FI. Vit. 63. 1865; Horne, A Year in Fiji 265. 1881 ; Guppy. (d>s. 
Nat. Pac. 2 : 412, 413. 1906 ; Gibbs in Jonr. Linn. Soc. 39 : 209. 1909 : non DCh 
Pachyrhmis angulatus sensu Horne, A Year in Fiji 86. 1881 ; non Rich. 

Taveuni: Gillespie 4702 (Bish) ; vicinity of Waiyevo, alt. 100 m., Gilles- 
pie 4703 (A, Bish) (fls. violet). Without definite locality: Seenmnn ill 
(GB.), Horne 463 (Gli). 

I am indebted to Mr. William Greenwood, of Laiitoka, for pointing <Hit 
to me that Seemann had misidentified his plant (no. Hi) and iuni been 
followed in this determination by Horne, Guppy,. and Gibbs. The cited notes 
of these writers refer to Pueraria Thunhergiana^ as does the well kimwn 
Fijian name yaka. This species was doubtless an early introduction into Fiji 
and may still be used as an emergency food plant. 

The genus Pachyrkizus should therefore be excluded from lists of the 
Fijian flora. For notes on the identity of Paehyrhizus frilobus (Lour.) D(^. 
[•= Ptieraria Thomsoni Benth.], see Merrill (Comm. Lour. FI. Cochinch. 211, 
1935) and Rehder (in Jour. Arnold Arb. 18 ; 209. 1937). it is probable tlmt 
certain other references to the occurrence of Pachyrhizus in the Pacific area 
will also be found to pertain to Pueraria Thunbergiana, 

MELIACEAB 

Aglaia Parksii A. C. Sm., sp. nov. 

Arbor ad 5 m. alta, ramnlis teretibus apicem versus ad 7 aim. cnissis 
juventute densissime ferrngineo-tomentosis (pilis stellatis niultiramulosis. 
ramnlis nonnullis ad 1 mm. longis reliquis brevioribus demum^th‘scitis, pcita 
persistente et ut videtur muiticiliata) ; foliis pinnatis ad 70 (mi. longis, 
petiolis 14-18 cm, longis basi valde incrassatis et rhachi subttn*eti!ms n! 
ramnlis dense tomentosis; foliolis 9 oppositis vel suboppositis. p(9iolulis 
tomentosis, lateralibus 6-13 mm. longis, laminis papymmM'hariactis oh- 
longis (vel inferioribus subellipticis), 10-25 cm. longis, 5.5-8 cm. iatis, hasi 
anguste vel late rotundatis et snbeordatis interdum inaccfualibus, apicc oh- 
tusis, margine integris et undnlato-recurvatis, siqira glahris vel costa parce 
tomentosis, obscure impresso-glandulosis, subtus costa pilis ut eis ramuiormn 
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tomeiitosis ceterum glabris, costa supra leviter eanaliciilata vef siibplana 
subtiis proraineiite, nervis seeundariis utrinseciis 12-19 (-25) patentibns 
marginem Ycrsiis anastomosantib-as supra subplanis subtus leviter elevatis, 
rete venulanm utrinque subplano vel supra insculpto subtus leviter 
prominulo ; inflorescentiis axillaribus racemosis vel f orsan aiiguste panicii- 
latis post anthesin 3-4.5 cm. longis paucifloris ubique dense stellato-tomen- 
tellis, peduneulo brevi vel subnullo et rbachi gracilibus, bracteis minutis 
mox deciduis; pedicellis 1.5-3 mm. longis sub calyce obscure articulatis; 
ealyee eupuliformi paullo post anthesin circiter 2 mm. longo et 3 mm. summo 
diametro, lobis deltoideis, 0.5-0.7 mm. longis, circiter 1 mm. latis, acutis, 
intus glabris; petalis staminibusque non visis; ovario subgloboso dense et 
minute tomentello ,* fructibus immaturis ellipsoideis persistenter tomentellis. 

ViTi Levu: Naitasiri: Tholo-i-Suva, alt. 200 m., Parks 20076 (A — ^fragm., 
Bish^ — type), May 24, 1927 (tree 5 m. high, the trunk 6 cm. diam. ; in thick 
bush in a wet canyon) . 

Although the stamens of this species are not available, it may safely be 
referred to the Section Hearnia because of its obvious affinity to A. Arch- 
holdiana A. C. Sm., doubtless its closest ally. Aglaia Parksii differs from 
this, however, in its more numerous and more definitely oblong leaflets, of 
which the base is usually subcordate and the apex obtuse. The new species 
has a sparser and shorter tomentum throughout, and this is lacking from 
the lower surface of leaflet-blades, whereas in A. Archholdiana the blades 
are persistently tomentose beneath. The inflorescence of the new species is 
comparatively reduced and the calyx-lobes are much smaller. Another rela- 
tive of A. Parksii is the common A. vitiensis A. C. Sm., which differs in its 
lepidote rather than tomentose indument, its differently shaped leaflets, its 
ample paniculate inflorescence, etc. 

uippocrateaceae 

Salacia pachycarpa a. C. Sm. in Sargentia 1 : 53. 1942. 

Vm Levu: Rewa: Near quarry west of Lami village, alt. 15 m., Gillespie 
4581 (A, Bish) (bush, on limestone rocks; fruit green). 

This is the second collection of the species, the type having come from 
northeastern Viti Levu. Like the type, the Gillespie specimen is in fruit, 

sapinuaceae 

Allophylus sublaxus Gillespie in Bishop Mus, Bull. 83: 16. f. 18. 1931. 

Vm Levu : Tholo North : Nauwanga, near Nandarivatu, alt. about 750 m., 
Degener 14530 (A) (tree, in dense forest). Taveuni: Vicinity of Waiyevo, 
alt. 200-650 m., Gillespie 4731^ 4789 (Bish, GH) (on bank of stream or in 
stream-bed in woods above coconut plantations) . 

The cited specimens should be added to those originally listed by Gillespie 
from Viti Levu and Ovalau. In the specimens available to me the leaflet-apex 
varies from obtuse to short-acuminate, but in essential details there are no 
differences. All eight stamens appear to be fertile in the flowers I have 
examined, Gillespie^s mention of ‘‘fertile anthers apparently 2’’ and his 
illustration having been based on an injured flower. The species is closely 
allied to A. iernaius (J. R. & G. Porst) Radik., being distinguished pri- 
marily by its compound inflorescences. The occurrence of A, east 

of the New Hebrides and New Galedonia is dubious. 


19433 


SMITH: PLANTS PROM FIJI 


m 


AJlopJi%lus suMgxus clifters from vUiensis Hatllk. frtN'or«li 4 i diiIv fmiii 
tlie type collection, Horne 464 [GH],..witliont definite localitv i iiut imlv in 
the foliage character mentioned by- Gillespie, Imt also in Imviiig its petals 
obovate and gradually narrowed toward the base rather than spatnlaif* iiinl 
with an obviously ligulate basal portion. 

Allophylus umbrinus A. C. Sm., sp. nov. 

Arbor parva, ramulis gracilibus teretibiis jnventiite pills ilHA iiiiii, loiigis 
dense tomentosis demum giabratis einereis; folds Irifoliotatis, fHiiolo ii! 
rainulis densissime tomentoso 6-9 cm. longo, petioluiis tcnneiitosis lateralibits 
1-4 mm. terminal! ad 10 mm. longis, foliolorum lam inis papyraceis in sis*co 
olivaceis oblongo-elliptieis (lateralibns inaeqnilateralibus), li-14 cm. hmgis, 
5-7.5 cm. latis, basi aeutis vel obtusis, apice obtuse cuspidatis et iimcroiiip 
latis, margine remote mucronulato-serratis, iitrinf|ue pruecipue siibtus iicrvis 
densissime velutinis (pilis cireiter 0.8 mm. longis) supra praeier iiervos 
demum subglabratis, costa subtus prominente, nervis secundariis ittriiisecus 
8-10 rectis ereeto-patentibus supra paiillo subtus vaide iirominnlis, rete 
venularum utrincpie leviter prominulo; infioreseentiis pauhnilatis ad, 9 cm. 
longis, rhachi et ramulis paucis ad 6 cm. longis brevitcu* tomentosis, cinciiinis 
snbsessilibns snb anthesi plerumqne nnifloris, bracteis ]aueta)latis cireiter 1 
mm. longis dorso breviter hispidis, pedicellis gracilibus glahris su!) anthesi 
cireiter 1.5 mm. longis; sepalis 4 membranaceis late rotundatis, l-l.d mtn. 
longis, interioribns cireiter 2 mm. longis, exteriorilnis ininorilnis, margine 
obscure ciliolato excepto glabris; petalis 4 membranaceis obovatis, 1-1.2 mrn, 
longis et latis, infra medium gradatim angustatis. nndulato-margimitis et 
apiee leviter emarginatis, supra nngnem margine ineurvatis et pilis cireiter 
0.3 mm, longis eonspiene hirsutis; disci glandulis subearnosis s(uniorbiculari* 
bus cireiter 0.4 mm. diametro parce pilosis; starninibns 8, fiiamentis filifonni- 
bus cireiter 1.5 mm. longis villosis, antheris subgloboso-oblongis cireiter 0.4 
mm. longis ; pistilli rudimento villoso. 

ViTi Levxj: Tholo North : Nandarivatu, alt. 1000 m., Gillfspie ilSO ( A— 
TYPE, Bish), Dee. 3, 1927 (small tree, in dark woods on stream above swim- 
ming pool ; native name : si ta): 

Allophylus umbrinus is very closely allied to A. sublanis (rillespie, its 
flowers differing only in the villose rather than glabrous filameiits. Ibnvever, 
the new species is readily distinguished by tlie conspicuous soft pubescence 
of its branchlets, petioles, leaflet-blades, and inflorescence branches. In J. 
sublaxus these parts are glabrous, or at least subglabrate and never more 
than inconspicuonsly pub ernlent. 

Allophylus TiMORENSis (DC.) Bl. Bumphia 3: 130. 1847; Ea<Ilk. in 
Pflanzenr. 98b (IV. 165) : 587. 1932. ^ ^ 

Kambara: Limestone formation, alt: 0-100 m. Smith \Bish, (xl! i 
(slender shrub 2 m. high, in thickets; fruit red; native naine: saiihuon}. 
Fulanga Limestone formation, alt. 0-80 m., Smith 1141 (Bish, GII) 

8 m. high, in forest ; petals and stamens white), 1161 (Bish, GH) (slirub ^ in. 
high, in thickets ; stamens white) 

Although this widespread and common species has bam extensi^xly re- 
ported from the adjacent groups, such as the New Hebrnles and Samoa, it 

has apparently escaped previous notice in Fiji. 
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RHAMNACEAE 

Rhamnella Miq. Ann. Mns. Bot. Lngd.-Bat. 3 : 30. 1867. 

Dallachya¥, v. Muell. Fragm. Phyt. Austral. 9 : 140. 1875 ; syn. nov. 

Because the genus Bhamnella has not previously been reported east of 
continental Asia, Japan, and Hainan, the reduction of Dallachy a to its 
synonyifiy is proposed only after careful consideration of generic lines in 
the Tribe Zizypheae. Dallachya, a montoypic genus hsL^ed on Bhamnus 
vitiensis Benth., was originally placed in the vicinity of Ventilago Gaertu.. 
and Smytkea Seem., but the fruit immediately excludes it from the Tribe 
Yentilagineae. Weberbauer (in B. & P. Nat. Pfl. 3(5) : 407. 1895) mentions 
Dallachya as a genus of uncertain position, probably belonging in the Tribe 
Zizypheae. In the characters of its flowers and fruits, Dallackya vitiensis 
seems to be practically indistinguishable, even in the smallest details, from 
several species of Bhamnella as interpreted by C. Schneider (in Sargent, PL 
Wils. 2 : 222-226. 1914), 

The Australian-Pacific species is apparently closest to B. rubrinervis 
(Levi.) Rehder [B. hainanensis Merr.], from which it differs in its glabrous 
habit, details of its leaf -margin and venation, and its strictly fasciculate 
flowers and fruits. 

Rhamnella vitiensis (Benth.) A. C. Sni., comb. nov. Colubrina vitiensis 
Seem. Mission to Viti 434, nomen. 1862. Bhamnus vitiensis Benth. PI. 
Austral. 1 : 413. 1863; Seem. PI. Vit. 42. 1865 ; Warb. in Bot. Jahrb. 13 : 368. 
1891; Burkill in Jour. Linn. Soc. Bot. 35 : 32. 1901. Berckemia Fonrnieri 
Panch. & Seb. in Seb. Not. Bois Nouv. Cal. 236. 1874; Guillaumin in Ann. 
Mus. Col. Marseille II. 9 : 120. 1911 ; Schinz & Guillaumin in Sarasin & Roux, 
Nova Cal. Bot. 1 : 174. 1920; Guillaumin in Jour. Arnold Arb. 12 : 238. 1931; 
Daniker in Vierteljahres. Nat. Ges. Zurich 78 : Beibl. 19: 251. 1933. Dal- 
lackya vitiensis P. v. Muell. Pragm. Phyt. Austral. 9 : 140. 1875; Weberb. 
in E. & P. Nat. Pfl. 3 ( 5 ) : 407. 1895; Lauterb. & K. Schum. PI. Deutsch. 
Schutzgeb. Siidsee 426. 1901; Lauterb. in Bot. Jahrb. 57 : 330. 1922. 
Berckemia creniilata Panch. ex Guillaumin in Ann. Mus. Col. Marseille II. 
9 : 120, nomen. 1911, 

Prom the specific epithet, one would naturally expect this species to be 
typified by a Fijian collection, but this is not the case. Seemann’s mention 
oi Colubrina vitiensis refers to his no. 85/ but there is no description and 
therefore the name has no standing. The same collection had already been 
mentioned by Gray (in Proe. Am. Acad. 5: 316. 1862, in Bonplandia 10: 
35. 1862) as a probably new species of Rhamnaceae, but without definite 
mention of a genus. Therefore Bentham’s description in 1863 must be taken 
as the basis of the binomial. This description appears to have been based 
entirely on a MacGillivray eollection from Gape York, Queensland. Bentham 
cites Colubrina vitiensis Seem, as a synonym and remarks : ‘ (Apparently the 
same species was gathered in the Fiji Islands by Seemann, and his specimens 
have young fruits, of an obovoid-oblong shape, which, as far as they go, agree 
with those of 

Fortunately Bentham appears to have been correct in his belief that the 
Australian and Fijian plants are conspecific; at least, on the basis of the 
collections now available, I cannot distinguish the Pacific from the Austra- 
lian material. The species has been reported from Queensland, New Guinea, 
New Caledonia, the Loyalty Islands, the New Hebrides, Fiji, and Tonga, 
I have seen the following Fijian speeimens : 
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ViTi Lfivu : Laiitoka: North of Lomoloirio, alt. 9{) m., Ihijnnr it ilnlum : 
13713 (A) (tree 3 in. liigii, in dry forest). Kanda\t: Hills^ibcn’i* Xiiiiiaiata 
and Ng*aloa Bays, alt. 200-400 m., Smith 123 (Bish, (III ) (smmlmt sltriib. iii 
forest; anthers .^yellowish). Pulanga: Limestone formatioin alf. m., 
Smith 1113 (Bkh, GH) (gnarled tree 3 m. liigli, on idiffs; flowers pule 
yellow; native name: taka). Without bbfinite LorALiTV: Strmank ^3 
(source of the name Coluhrina vitienniH Seem., GH). Mr. William thToiiwnod 
informs me that he has collected this species at Lautoka and also at Laiiihasii. 
Mathiiata, Vanua Levii. 

My conclusions as to the specific identity of plants from various ibicitie 
and Australian regions are based upon examination of the following collec- 
tions : 

Queensland: Rockingham Bay, Dallaehy (GH) ; Palm Island, Bantrafl 
(A); Daintree River, alt. 10 m., Kajewski 1401 (A), 1164 (A) (common 
vines on rain-forest trees; fruit black when ripe, up to 9 by 7 mm.). New 
Caledonia: Balansa 939 (A) ; Le Rat 66 (A). New Hebrides: Aneityiim: 
Anelgauhat Bay, alt. 30 m., Kajewski 738 (A). 

Colubrina papuana Merr. & Perry in Jour. Arnold Arb. 22: 2fi4. 1941. 

ViTi Levu: Tholo North: Nandarivatu, alt. about 900 ni., Greruirom! 

(A) (tree about 13 m. high; trunk 45 cm. diam. ; young fruits yelhuv) ; 
Tholo Bast : Taulevu-Vunindawa track, alt. about 150 m., B. E. Parham 741 
(A) (shrub 3 m. high, in grassland) ; Naitasiri: Nasiniu 9 miles fnnn Huva, 
alt. 150 m., Gillespie 3599.9 {Bk\i)y 3661 (A, Bish) (tree 10 m. high, 
copiously branching; trunk 12 cm, diam. ; fruit dull russet-green, the see<!s 
orange-red). Without definite locality: Horne 1116 (Bish). 

The cited specimens, all of which are in fruit, appear to me (juite identical 
with the three New Guinean specimens cited in connection with the original 
description. There seems no doubt as to the place of the plant in Cohihritm; 
the fruit-shape and the method of dehiscence suggest the common C, miatmi 
(L.) Brongn., from w^hich C. papuana is at once distinguished by its dif- 
ferent foliage and larger fruits with thicker valves and larger seeds. The 
occurrence of this New Guinean species in Fiji is surprising, but possibly 
future collections in the Solomons and the New Hebrides will solidify the 
range. It is possible, of course, that discovery of flowering niaterial in Fiji 
will make specific recognition of our plant advisable, but in view of the 
remarkable similarity of our material to that of New Guinea, in Lilinge and 
fruit, I doubt if such separation will prove feasible. 

flacourtiaceae 

Xylosma Bryanii A. C. Sm., sp. nov. 

Frutex inermis parvus ad 1 m. altiis, ramulis gracilibus subtereti!)us ob- 
scure lentieellatis et petiolis juventute obscure puberulis demum glahresc eii- 
tibus; petiolis gracilibus leviter canalicuiatis 3-5 mm. longis; laimnis 
chartaceis glabris in siceo fuseis obovatis vel elliptico-obovatis, (1.5-) 2-3 cm. 
longis, 1-2.2 cm. latis, basi acutis vel obtusis et in petiolum incons{>icue 
decurrentibus, apice rotundatis, margine integris et c()ns|)icue set! anguste 
revolutis, subtus dense et minute glanduloso-ceriteris, (*osta supra pronunula 
subtus elevata, nervis secundariis utrinseeus 2 vel 3 adscemlentiluis anastoino- 
santibus utrinque prominulis, rete venularum utrimpie obscure prommu to ; 
inflorescentiis 5 solis visis axillaribus breviter raeemosis 2-4-flons, rhaclu 
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2-3 mm. loiiga piiberula, bracteis ovato-deltoideis subaeutis puberulis cir- 
citer 1 mm. longis et 0.7 mm. latis, pedicellis gracilibiis 5-6 mm. longis 
obscure puberulis; sepalis 4 submembraiiaceis ovatis vel ellipticis, sub 
aiitbesi circiter 2 mm. longis et latis sub fructu paullo majoribus et per- 
sistentibus, apice rotundatis vel obtusis (interioribus interdum 2- vel 3- 
lobatis)rextus glabris vel obscure et minute puberulis, intus dense pallido- 
sericeo-puberulis ; disco parvo obscure crenulato; ovario glabro ovoideo sub 
antbesi circiter 1.5 mm. longo, stylo brevi crasso, placentis 2 inconspicuis, 
ovulis circiter 4 per placentam, stigmate obscure lobato ; fructibus ovoideis 
vel ellipsoideis, maturitate 8-9 mm. longis et 5-7 mm.^ latis, stylo circiter 1 
mm. longo coronatis, pericarpio crasso-carnoso, placentis oppositis, seminibus 
circiter 5 castaneis ovoideis, circiter 3.5 ab 2.5 mm., basi obtusis, apice 
rotundatis. 

Ongea: Rocky islet off shore of Ongea ndriti, alt. 10-20 m., Bryan 392 
(A— fragm., Bish— type), July 26, 1924 (small shrub, 0.5-1 m. high ; flowers 
green and white ; fruit green to purple) . 

Xylosma is very distinct among Pacific species, being distin- 

guished by its diminutive habit, small revolute-mai’gined leaf -blades, com- 
pact inflorescences, and ovaries with two placentas. In Sleumer ^s treatment 
(ill Notizbl. Bot. dart. Berlin 14 : 288-297. 1938) it may be placed near X. 
ovaUim Benth. of Australia, a species with slightly larger leaves, more 
numerous flowers, shorter pedicels, smaller sepals, more prominent placentas, 
and fewer ovules. 

It is a pleasure to name the new species for the collector, Dr. E. H. 
Bryan, Jr., Curator of the Bernice P. Bishop Museum. 

Xylosma Archboldianum A. C. Sm. in Sargentia 1 : 61. 1942. 

ViTi Levu : Rewa : Korombamba Mt., alt. about 420 m., B. E, Parham 1269 
(A) (shrub, in forest). 

The second collection of this recently described species, collected near the 
southeastern rather than the northeastern coast of Viti Levu, bears mature 
staminate flowers and is slightly more robust than the type, with which it is 
identical in all essential characters. The following amplification of the 
original description is now possible : 

Prutex, petiolis ad 12 mm. longis, laminis ad 8 cm. longis et 5 cm. latis ; 
inflorescentiis J' maturis axillaribus solitariis racemosis 7- yel 8-floris, rhachi 
gracili circiter 7 mm. longa, bracteis ovato-deltoideis subaeutis 0.5-0.7 mm. 
longis et latis; pedicellis gracilibus sub anthesi 3-5 mm. longis, supra basim 
1-2.5 mm. articulatis ; sepalis 4-6 (1 vel 2 exterioribus oblongis minoribus 
saepe deficientibus) intus pallide pilosis, late ovatis, 0.7-1.3 mm. longis, 1.4- 

l. 6 mm. latis, apice rotundatis vel mucronulatis; toro complanato disco 
incluso 1.5-2 mm. diametro; staminibus circiter 40, filamentis gracilibus 
glabris 1.5-2 mm. longis, antheris oblongis circiter 0.5 mm. longis et latis. 

BARRINGTONIACEAE 

Barringtonia petiolata a. C. Sm. in Bishop Mus. Bull. 141: 102. f. 54. 
1936 ; Knuth in Pflanzenr. 105 (IV. 219 ) : 36. 1939. 

Viti Levu: Tholo West: Mbuyombuyo, near Namboutini, 

15612 (A) (tree 13 m. high, in forest) ; Naitasiri : Mt. Kombalevu, alt. 350 

m. , Parks 20309 (Bish) (tree 15 m. high, in thick bush) ; vicinity of Nasinu, 
9 miles from Suva, alt. 150 m., Gillespie 3584 (A, Bish) (in woods ; flowers 
pink). 
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This sifecies has previously been recorded only from the three sirnmnem 
from Yaiiua Levu originally mentioned. 

MYRSINACEAE 

Discocalyx sylvestris A. C. Sm., sp. nov. 

Arbor ad 10 m. alta ubiqiie praeter inflorescentiae ramulos et calyns 
obscure furfuraeeos glabra, ramulis graeilibiis eiiiereis terelilitis rtigiilosiH; 
petiolis 6-10 mm. longis superiie anguste alatis; laniinis chartaeeis sif*citate 
fusco-olivaeeis subtus pallidioribus, obovatis, 4.5-7 vm, longis, 2.5-4 cm. fiitiN, 
basi attenuatis et in petioluni deeurrentibus, apit-e rotumlatis, margiiie 
integris et minute reciirvatis, costa supra siibplana subtiis elevata, iiervis 
lateralibus utrinseeus 5-8 patentibus immersis interdnm subtus ieviter 
prominulis, venulis obscuris immersis; infiorescentiiK axillaribus vmnpm*te 
paniculatis ad 3 cm. longis, ramulis gracilibus minute furfuraceis, bracteis 
oblongis 1.5-2 mm. longis cadueis, pedicellis gracilibus sub antimsi 2 -3 mm. 
longis paree furfuraceis ; fioribus ut videtur Imrinaphroditis ; ealyce rotato 
circiter 2 mm. diametro profunde 5-lobato utrinque glabro vel extra c^iHciire 
furfuraceo, lobis deltoideo-oblongis parce glandiiloso-punctatis, 0.5-0.8 mm. 
longis et latis, apice obtusis vel rotundatis, margine <'opiose et breviter 
brunneo-eiliolatis ; corolla rotata 4-4.5 mm. diametro fere ad basim 5»kl)ata. 
lobis oblongis circiter 1.5 mm. longis et latis apice rotundatis nigro-glandu- 
loso-pnnctatis ; staminibus quam pistillo brevioribus, aiitheris sessililnis 
oblongo-ovoideis circiter 0.7 mm. longis obscure glandulosis apice obtusis; 
pistillo sub antliesi circiter 1.3 mm, longo glabro, ovario grad liter ovoideo in 
stylnm erassum circiter 0.5 mm. longum attenuato, stigmate subpentagono, 
ovulis plerumqne 3 ; fructu subgloboso 4r"5 mm. diametro obscure gUmdiiloso- 
lineolato, stylo persistente coronato. 

ViTi Levu: Rewa or Naitasiri; Central Road, near Suva, alt. 250 m,, 
MacDaniels 1134 (A — type, Bisii), Apr. 13, 1927 (tree 10 m. high, the trunk 
15 cm. diam. ; in rain-forest). 

Discocalyx sylvestris appears to be closely related only to D. muliifiora 
Gillespie, from which it differs in its shorter and jiroportionateiy broader 
leaf -blades with fewer and more obscure secondaries, its much more compact 
inflorescences, larger bracts, smaller and more deeply lobed cutrolla. and 
smaller anthers. Possibly the new species is also represented by MacDanids 
1070 (Bish), from the coast 4 miles west of Suva, Rewa, Viti Levu, a sterile 
specimen with thinner punctate leaf-blades and more obvious venation. 

Rapanea crassiramea A. C. Sm., sp. nov. 

Arbor paullo post anthesin ubique glabra, ramulis subrectis crassissimis 
apicem versus 5-10 mm. diametro subteretibus fuseo-cinerds (‘opiose lenticel- 
latis, cieatricibus foliorum delapsorum numerosis; petiolis crassis supra 
paullo complanatis 12-22 mm. longis; laminis eoriaceis siccitate insets 
aiiguste obovatis, 11-15 cm. longis, 4.5-7 cm, latis, basim versus gradatnn 
angustatis et basi ipso obtusis, apice late obtusis et saepe leviter emargmatis, 
margine saepe anguste recurvatis, costa supra paullo siibtus vaide promi- 
nente, nervis secundariis utrinseeus 12-15 cum aliis debiiioribus interspersis 
erecto-patentibus anastomosantibus utrinque vaide prominulis, rete 
larum subimmerso vel subprominulo ; infloreseentiis seeus ramulos iii axillis 
foliorum delapsorum eopiose dispositis, e ramulis crassis verruciform ibus aci 
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7 ram. longis et 4 mm. latis formatis plerumque 2-4-floris; pedicellis crassis 
cireiter 1 mm. diametro 4~6 mm. longis ; ealyce cnpuliformi tenniter carnoso 
fere ad basim 5-7(plermnqne 6)-lobato, lobis deltoideis eirciter 1.5 mm. 
longis et latis, apiee snbacutis vel obtusis, margine copiose sed minute 
glanduloso-ciliolatis ; corolla staminibusque non visis ; ovario post anthesin 
depresscf-snbgloboso 1.5-2 mm. diametro, stigmate ut videtur punctiformi, 
placenta depresso-globosa, ovulis cireiter 5. 

ViTi Levu: Tholo North: Nandarivatn, on wooded slopes at 900 m. alt., 
Gillespie 4374 (A — fragm., Bish — type), Dec. 16, 1927. 

Bapanea erassiramea is a species without close allies in Fiji or the ad- 
jacent groups, characterized by its stout branchlets, large coriaceous obvi- 
ously nerved leaf -blades, numerous coarse inflorescence-stalks, long pedicels, 
and apparently predominantly 6-merous flowers. Its foliage suggests that of 
some of the Polynesian species described by Mez under his numbers 61-67 
(in Pflanzenr. 9 [IV. 236 ] : 372, 378. 1902), but those usually have 4-merous 
flowers and more highly connate sepals. 

OLEACEAE 

Linociera Gillespiei A. C. Sm., sp. nov. 

Arbor sub f ructu ubique glabra, ramis ramulisque pallide cinereis gracili- 
bus subteretibus sparse lenticellatis nodis leviter incrassatis ; f oliis oppositis 
apicem ramulorum versus 0.5-3.5 cm. distantibus, petiolis rugulosis leviter 
canaliculatis 10-15 mm. longis gracilibus (cireiter 1.5 mm. diametro), 
laminis coriaceis in sicco olivaceis vel supra pallidioribus lanceolato-ellipticis, 
10-14.5 cm. longis, 2.7-4 cm. latis, basi gradatim aeutis et in petiolum 
decurrentibus, apice caudato-acuminatis (acumine 7-15 mm. longo obtuso), 
margine leviter recurvatis, subtus siccitate inconspicue rugulosis, costa supra 
subplana subtus prominente, nervis later alibus utrinsecus 5-8 arcuato-ad- 
scendentibus marginem versus anastomosantibus supra planis vel leviter 
insculptis subtus valde elevatis, rete venularum obscuro vel subtus paullo 
prominulo; infructescentiis axillaribus (f) ut videtur racemosis cireiter 2 
cm. longis, rhaehi rugosa cireiter 3 mm. diametro, pedicellis non visis ; fructu 
siccitate coriaceo ellipsoideo obtuse circumcarinato, basi et apice rotundato, 
cireiter 33 ab 20 ab 16 mm., periearpio valde ruguloso, vivo forsan crasse 
carnoso. 

V iTi Levu : Tholo North *. Vicinity of N andarivatu, near summit of Loma 
Langa Mt., alt. 1150 m,, Gillespie 4289 (A — ^fragm., Bish— type), Dee. 13, 
1927. 

The only species of Linociera which has been reported from Fiji or 
adjacent groups to the east is L. pauciflora C. B. Clarke, mentioned by 
Burkill (in Jour. Linn. Soc. Bot. 35 : 45. 1901) as occurring in Fiji and 
Tonga. However, neither of the species here described as new is closely re- 
lated to A. which is based on a specimen from Penang and which 

doubtfully extends into the Pacific. The only species thus far reported from 
the New Hebrides is L. Wall., not a close relative of either of the 

new species. Linociera sessilifiora from Papuasia and Micronesia, 
has leaves resembling those of A. Gillespiei in shape and texture, but with 
much shorter petioles. The inflorescence of L, sessili flora is fasciculate and 
compact, whereas both X. Gillespiei and X. viiiensis (below described) , as far 
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as can be ascertained from fruiting specimens, have raeeim)Ke 

and thus might be better placed in Lingelsheim’s Raeenuksae (in Bot. Jiilirb. 

61: 6, 7. 192p. The actual relationships of the two new Fijian spivies 

yet be definitely established, but they are well chara(d,erized by tindr slaul 

and presumably racemose inflorescences and large fruits. 


Linociera vitiensis A. C. Sm., sp. nov. 

Arbor 5 m. alta sub fructu ubique glabra, ramulis cinereis vel <liKta!iter 
pallide fuscis conspieue lenticellatis subteretibus, apicem et nodos im-rassatos 
versus complanatis ; foliis oppositis 2-3 cm. distantibus, petit)! is castaneis 
riigulosis canaliculatis 12-16 mm. longis 1-1.5 mm. dianietro, laininis eori- 
aeeis olivaceis coucoloribus late ellipticis, 7-10 cm. longis, 4.5-5,5 mii. latis, 
basi in petiolum abrupte attenuatis, apice obtuso-euspidatis vel hiiIuIo in 
acumine obtuso ad 9 mm. longo aeuminatis, margine paulb recurvatis, costa 
supra subplana subtus prominente, nervis lateralibus utrinsetnis plernmque 
5 ereeto-patentibus intra marginem anastomosantibus supra leviter in- 
sculptis subtus elevatis, venulis immersis vel subtus ineonspieue pronuimlis: 
infructescentiis axillaribus vel e ramulis infra folia orieiitibus racemosis 
circiter 2 cm. longis, rhachi circiter 2 mm. diametro, pedicel I is pane is vakle 
riigosis incrassatis 3-4 mm. longis; fructu sieeitate coriaceo (vivo (^arnost) 
luteo) ellipsoideo obtuse circumcarinato, basi et apice rotundato, cirt'iter 30 
ab 17 ab 14 mm,, pericarpio valde ruguloso, vivo levi. 

Taveuni : Borders of lake east of Somosomo, alt. 700-900 m., Smith H ( i 4 
(Bish, GH — type), Dec. 29, 1933 (tree 5 m. high, in dense foxiest on island in 
swamp ; fruit yellow ; native name : lolovata ) . 

Linociera viiiensis is doubtless a close relative of the preceding new 
species, L. Oillespiei, the two being readily distinguished by obvious foliage 
characters. 


APOCYNACEAE 

Bleekeria vitiensis (Markgraf ) A. C. Sm., comb. nov. Exmvatm tniiensk 
Markgraf in Bishop Mns. Bull 141 : 127. /. 66^1)^ c, 1936. 

Merrill and Perry (in Jour. Arnold Arb. 24: 213. 1943), in a ryccnt dis- 
cussion of Bleekerid Hasskarl, point out that Excavwi^d Markgraf (in Bot. 
Jahrb. 61 : 195. 1927) represents the same concept. Many of the necessary 
transfers from the inclusive gmm Ochrosm Jiiss. to Bleekeria were made by 
Koidzumi in Bot. Mag. Tokyo 37 : 52. 1923. Among these combinations, winch 
are not in general herbarium use, is Bleekeria elhpiica (LabilL) ^Koidz. tor 
the well-known Ochrosia elliptica LabilL, which occurs in h iji. 1 his spcsucs 
was inconspiciionsly transferred to Excavatia by Markgral ExcuiHiiia 
elliptica (Lahill.) Markgraf, in Bishop Mns. Bull. 141 : 128. 1936. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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Friesner, E. 0. Correlation of elongation in primary, secondary and tertiary axes 
of Finns strohus and P. resinosa. Butler Univ. Bot, Stud. 6: 1-9, M'y j Je] 
1943. 

Havis, A. L. A developmental analysis of the strawberry fruit. Am. Jour. Kot, 

30: 311-314. /, 1~4. 25 My 1943. 

Katz, E. J. Pollen-tube development in Taraxacum officinaku Bot. Gaz, 104: 

650, /. 1, B. 30 Je 1943. 

McMenamin, J. F. A microanalysis of the epidermal cell walls beneath the mid- 
rib of the holly leal Trans. Ill Acad. 35: 69, 70. I) 1942. 

O’Mara, J. G. Meiosis in autotetraploid Seeale cereale. Bot. Gaz. 104: 563-575. 
f. 1~9. W Je 1943. 

Wylie, E. B. The dwarf leaf of Cercis canadends. Proc. Iowa Acad, 49: IIT- 
122. 1942 [My 1943]. 

Wylie, E. B. A note on axis restoration in a gymnospcrm tree. Proc. Iowa 
Acad. 49: 123-125. /. I. 1942 [My 1943]. 

Wylie, E. B, The role of the epidermis in foliar organization and its relations to 
the minor venation. Am. Jour. Bot. 30: 273-280. /, 1-7 7. 25 lly 1943. 
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Albaum, H. Q. The relationship between nitrogen transport and metabolism in 
the oat seedling. Am. Jour. Bot. 30: 302-305. /. l-B. 25 My 1943. 

Arnon, D. I. & Hoagland, D. R. Composition of the tomato plant as influenced 
by nutrient supply, in relation to fruiting. Bot. Gaz. 104: 576-590. f. 1-7. 
Sp Je 1943. 

Berger, J. & Avery, Gr. S. Action of synthetic auxins and inhibitors on dehydro- 
genases of the Avena eoleoptile. Am. Jour. Bot. 30: 297-302. 25 My 1943. 
Berger, J. & Avery, Gr. S. Dehydrogenases of the A vena eoleoptile. Am. Jour. 
Bot. 30: 290-297. /. 1-7. 25 My 1943. 

Broyer, T. C. & Hoagland, D. R. Metabolic activities of roots and their bearing 
on the relation of upward movement of salts and water in plants. Am. 
Jour. Bot. 30: 261-273. 25 My 1943. 

Clark, H. E. & Kerns, K. R. Effects of growth-regulating substances on a 
parthenocarpic fruit. Bot. Gaz. 104: 639-644. /. 1, 30 Je 1943. 

Flint, L. H. & Moreland, C. F. Note on photo synthetic activity in seeds of the 
spider lily. Am. Jour. Bot. 30: 315-317. 25 My 1943. 

Galston, A. W. The nitrogen content of oat chloroplasts. Ti'ans. 111. Acad. 35: 
66, 67. /. 1. D 1942. 

Harris, D. G. & Zscheile, F. P, Effects of solvent upon absorption spectra of 
chlorophylls A and B; their ultraviolet absorption spectra in ether solution. 
Bot. Gaz. 104: 515-527. /. 1-4. 30 Je 1943. 

Lyon, 0. B., Beeson, K. 0. & EUis, G. H. Effects of micro -nutrient deflciencies on 
growth and vitamin content of the tomato. Bot. Gaz. 104: 495-514. /. 1-3. 
30 Je 1943. 

Noggle, G. R. The rate of transpiration in two oat varieties grown under varying 
soil moisture levels. Trans. 111. Acad. 35: 73, 74. f. 1. D 1942. 

Parker, M. W. & Borthwick, H. A. Influence of temperature on photoperiodie 
reactions in leaf blades of Biloxi soybean. Bot. Gaz. 104: 612-619. /. 1. 
30 Je 1943. 

Reeves, R. E. & Sisson, W. A. Chemical reactivity of cotton fiber as related to 
type of x-ray diffraction pattern. Contr. Boyce Thompson Inst. 13: 11-15. 
/. I. Ja-Mr 1943. 

Reeves, R. E. Protecting cotton fiber from periodate oxidation. Contr. Boyce 
Thompson Inst. 13: 1-9. /. 1, Ja-Mr 1943. 

Scofield, H. T. & Yarman, L. E. Some investigations of the water relations of 
lichens. Ohio Jour. Sci. 43: 139-146. /. 1-3. My 1943. 

Stanfield, J. F. Some growth responses of and Vinca to vitamins. Trans. 
111. Acad. 35: 75-77. /. I. D 1942. 

Stephenson, R. B. A preliminary investigation of the effect of naphthalene acetic 
acid upon the growth and composition of oats. Trans. 111. Acad. 35: 83, 84. 
f.l,S.D 1942. 

Turrell, F. M. & Bauguess, L. 0. Histological responses of stoek (MatMola 
incana) seedlings treated with B-indolyl acetic acid. Proc. Iowa Acad. 49: 
133-138. /. 1-5. 1942 [My 1943]. 

Turrell, F. M. & Kersten, H. A qualitative study of the effect of soft x-rays on 
the activity of B-indolyl acetic acid as a growth substance. Proc. Iowa 
Acad. 49: 139-143. f. 1, B. 1942 [My 1943]. 

Voigt, J. W. A preliminary investigation of the effect of the descaling of winter 
buds on their growth in east central Illinois. Trans. 111. Acad. 35: 79, 80. 
D 1942. . 
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Votli, R D. Effects of nutrient-solution concentration on tlie growth of 
chantia polymorpha. Bot Gaz. 104: 591-601. /. I-J. Jo 194:i. 

Watson, S. A. Preliminary .studies on ribofiavin (vitamin B/; coiitmit of 
matenals. Trans. 111. Acad. 35: 84, 85. B 1942. 

Weiss, M. Gr. Inheritance and physiology of efficiency in iron utilization in “Soy- 
bean. Genetics 28: 253-268. /. i-5. My 1943. 

OBNETICS 

(incliidmg cytogenetics) 

(See also under Plant Physiology : Wcisg) 

Christensen, H. M. & Bamford, B. Haploids in twin seedlings of pepper, ('ap.ih 
cmn Annum L. Jour. Hered. 34: 99-104. /. 1-;.^ Ap 1943. 

Jodon, N. E. & Beachell, H. M. Rice dwarf mutations and their inheritani'e. 

Jour. Hered. 34: 155-160. /. 1^-14, Aly 1943. 

Krug, C. A. Chromosome numbers in the subfamily Aurantioi«ieae with special 
reference to the genus Citrus, Bot. Gaz. 104: 602-011, /, I'-ll. 30 Je i9i:i 
Myers, W. M, Analysis of variance and covariance of ehroinoscnna! jiHsoelatloii 
and behavior during meiosis in clones of Dactylis yknurmta. Bot, Gaz. 
104: 541-552. 30 Je 1943. 

Pope, M. N. Cleavage polyembryony in barley. Jour. Hered. 34: 153, 154, /, I I. 
My 1943. 

Rick, 0. M. Cyto-genetie consequences of x-ray treatment of pollen in Pfiunm, 
Bot. Gaz. 104: 528-540. /. 1-J. 30 Je 1943. 

Rick, 0. M. The x-ray induced mutation rate in pollen in relation to dt^sage and 
the nuclear cycle. Genetics 28: 237-252. /. My 1943. 

Smith, H. H. Effects of genome balance, polyploidy, and single extra ehroiiso* 
somes on size in Nicotiana. Genetics 28: 227-236, /. 7, My 1943. 

Smith, E. Relation of polyploidy to heat and x-ray effects in the ct*reals. 
Jour. Hered. 34: 131-134. /. 1, My 1943. 

Smith, W. K. Propagation of chlorophyll-deficient sweetclover hybrids as grafts. 
Jour. Hered. 34: 135-140. /. J-J. My 1943. 

Stewart, R. N. Occurrence of aneuploids in Lilmm, Bot. Gaz, 104; 62(M>2tl. 
/. 1-28, 30 Je 1943. 

Wagner, W. H. Hybridization by remote control. Am. Pern Jour, 33: 71-73. 
Ap-Jel943. 

MYCOLOGY AND PHYTOPATHOLOGY 

Bitancoiirt, A. A. Plant pathology in Brazil, 0iron, Bot. 7; 318-.120. Je 1943. 
Drechsler, C. Two new basidiomycetous fungi parasitic in nematodes. Jour. 

Wash. Acad. 33: 183-189. /. I, B, 15 Je 1943. 

Gilman, J. 0. Illustrations of the fleshy fungi of Iowa. HI. Ihe black -spored 
Agarics. Proc. Iowa Acad. 49: 153-158. /. l-o. IT. Common tleshy 
Ascomycetes. 159-171./. 1-lS. 1942 [My 1943], 

Gilman, R. Slime molds of Benzie County, Michigan. Proc. Iowa Acad. 49: 189, 
190. 1942 [My 1943]. 

Gnimbein, M. L. Typhula jmcea in Iowa. Proc. Iowa Acad. 49: 185-187. /. 1. 

1942 [My 1943], ^ ; 

Hart, H. & Allison, J. I*. A browning reaction to stem rust ni wlieat. lliyto- 

pathology 33: 484-496. /. 1-J. Je 1943. + 

Johann, H. P/ioma terreatm in the roots of mature maize plants. 1 hyto- 
pathology 33: 526-528. /. 1. Je 1943. 
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Johnson, H. W. & Koehler, B. Soybean diseases and their control. CF.S.D.A. 
Farmers' Bull. 1937: 1-24. /. 1-16. My 1943. 

Karling, J. S. The simple holocarpic biflagellate Phycomycetes. i-x, 1-123, pi. 

/. New York, the author, 1942. 

Keitt, G-. W. & Clayton, C. N. A destructive virus disease of sour cherry. Phyto- 
pathology 33: 449-468. /. IS. Je 1943. 

Kolk, L. A. Germination of grass smuts. Am. Jour. Bot. 30: 317-330. pZ. 1~4. 
25 My 1943. 

Lentz, P. L. The genus Thelephora in Iowa. Proc, Iowa Acad. 49: 175-184. 
/. 1-7. 1942 [My 1943]. 

Martin, Gr. W. Notes on Iowa fungi. IX. Proc. Iowa Acad. 49: 145-152. 1942 
[My 1943]. 

Smith, J. E. & Shaw, K. J. Pathogenicity studies with fusaria isolated from 
tobacco, sweet potato and cotton. Phytopathology 33: 469-483. /. 1, 

Je 1943. 

Smith, O. F. & Allen, M. W. The bulb or stem nematode on alfalfa, sweet clover, 
and white clover. Phytopathology 33: 525, 526. Je 1943. 

Sparrow, F. K. Aquatic Phycomycetes exclusive of Saprolegniaceae and Pythnm. 
i-xiXj 1-785. /. 1-69. Ann Arbor, XJniv. Michigan Press, 1943. 

Thomas, R. 0. Composition of fungus hyphae. IV: Phytophthora. Ohio Jour. 
Sci. 43: 135-138. My 1943. 

Tulk, M. Some notes on the fungi of Henry County. Proc. Iowa Acad. 49: 173, 
174. 1942 [My 1943]. 

PALEOBOTANY 

Hansen, H. P. A pollen .study of two bogs on Orcas Island, of the San Juan 
Islands, Washington. Bull. Torrey Club 70: 236-243. /. IS. 1 My 1943. 

Hoskins, J. H. & Cross, A, T. New interpretations of Sphenophyllostachys based 
on a petrified specimen from an Iowa coal ball. Trans. 111. Acad. 35: 68, 69. 
D 1942. 

Hoskins, J. H. & Cross, A. T. Notes on a new specimen of Lepidostrohus im'bri- 
catus Hoskins and Cross. Am. Midi. Nat. 29: 539-541. /. IS. Mr [Ap] 1943. 

Hoskins, J. H. & Gross, A. T. Lepidostrotus aristatus Hoskins and Cross, a 
homonym. Am. Midi. Nat. 29: 542. Mr [Ap] 1943. 

Potzger, J. E. & Otto, J. H. Post-glacial forest succession in northern New J ersey 
as shown by pollen records from five bogs. Am. Jour. Bot. 30: 83-87. 31 Mr 
1943. 

Wilson, L. il. & Cross, A. T. A study of the plant micro-fossil succession in the 
bottom deposits of Crystal Lake, Vilas County, Wisconsin, and the peat of 
an adjacent bog. Am. Jour. Sci. 241: 307-315. /. 1, My 1943. 

ECOLOGY AND PLANT GEOGRAPHY 
(See also under General Botany: Ochoterena) 

Acosta Solis, M. Anotaciones sobre la yegetacio del Norte de Quito: Besde eoto- 
collao y San Antonio Hasta el Rio Guayllabamba. Flora 2: 101-113. f. 18- 
; 1942. 

Anderson, W. A. A fen in northwestern Iowa. Am. Midi. Nat. 29: 787-791. 

..;'My.'IJel:1943.'' 

Cain, S. A. Sample-plot technique applied to alpine vegetation in Wyoming. Am. 
Jour. Bot. 30: 240-247. /. IS. Ap 1943. 

Cook, C. W, A study of the roots of Bromus mcrmis in relation to drought resis- 
tance. Ecology 24: 169-182. f. 1-S. Ap 1943. 
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Darlington, H, 0. Vegetation and . substrate of (Tanherry Glades, West Vir* 
ginia. Bot. Gaz. 104: 371-393. /. 31 Mr 1943. 

Daubenmirey B. F. Vegetational zonation in the Roekv Moiinfaiiis. Hot. Rrv. 
9: 325-393. Je 1943. 

Frazier, J. C. Nature and rate of development of root system of 

arvensis. Bot. Gaz. 104: 417-425. /. 1-9. 31 Mr 1943. , 

Hall, T. F. & Fenfotind, W. T. Cypress-gum eommunitleH in the Bine iGrIli 
swamp near Selma, Alabama. Ecology 24: 208-21 T. /. i-l. Ap 
Hansen, H. P. Paleoecology of a peat deposit in east central WaHliingtmi. Ntirile 
west Sei. 17: 35-40. My 1943. ♦ 

Harris, H. L. & Drew, W. B. Onlbe establishment and gnnvtlii of certain legiiiiics 
on eroded and uneroded sites. Ecology^24: 135-148. /. I-A. Ap 1943, 

Hupp, E. B. Plankton and its relationship to chemical factors ami enviroiimciit 
in White River Canal, Indianapolis, Indiana. Butler Univ. Bot, Htiid. 6: 
30-53. My [Je] 1943. 

Juday, C. The summer standing crop of plants and animals in four Wisconsin 
lakes. Trans. Was. Acad, 34: 103-133. 1942 [Ap 1943). 

Keller, 0. O. A comparative study of three Indiana hogs. Butk^r Univ. Hot. 
Stud. 6: 65-80. My [Je] 1943. 

Leon, H. Vegetaci6n de las Terrazas de Maisi. Rev. Soc. Geograf. Chilia 2: 
33-49. /. 1-If. Ap-Je 1942. 

McVangh, B. The vegetation of the granitic dat-rocks of tlie southeastern I'nited 
States, Eeol. Monogr. 13: 119-165. /. 1S6. Ap 1943. 

Myers, B. M. The vegetation of Idaho. Denison Univ. Bull. 43-*: 32-39, /. L 
Ap 1943. 

Patterson, F. M. Some ecological observations on bryophy^^®* Bryologlst 46: 
1-13. Mr [10 My] 1943. 

Potzger, J. E. Pollen study of five bogs in Price and Sawyer Counties, Wiscon- 
sin. Butler Univ. Bot. Stud. 6: 54-64, My [Je] 1943, 

Potzger, J. E. & Friesner, B. G. An ecological survey of Berkey Woods: a rem- 
nant of forest primeval in Kosciusko County, Indiana. Butler Univ. Bot. 
Stud. 6: 10-16. My [Je] 1943. 

Potzger, J. E. & Van Engel, W, A. Study of the rooted aquatic vegetation of 
Weber Lake, Vilas County, Wisconsin. Trans. Wis, Acad. 34: 149-166. 
/. I-J. 1942 [Ap 1943]. 

Vestal, A. G. Unequal scales for rating species in communities. Am. Jour. Bot. 
30: 305-310. /. 1. 25 My 1943. 

Welch, W. B. A study of the phytoplankton of Crah Orchard Lake. Trans, ill. 
Acad. 35: 81, 182. f. 1-S. D 1942. 

GENERAL BOTANY 
(including biography) 

Asmous, V. C. K. A. Timiriazev (1843-1920), an appreciation. Vlmm. Bi4. 7: 
301, 311. Je 1943. 

Bean, B. C. Arthur Herbert Norton. Rhodora 45: 217-220. Je 1943. 

Blaydes, G. W. Staining inuEn crystals in plant tissues. Ohio Jour. Sen 42; 

' 81, 82. Mr 1943. , ■ . ^ • 

Buchholz, J. T. Charles Joseph Chamberlain. Bot. Gaz. 104; 369-370. port. *11 

Mr 1943.' 

House, H. 0. Clarence J. Elting and Ms herbarium. Torreya 42: 181-190. N-D 
1942 [24 Ap 1943]. 
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Johnston, I. M. Publication dates for the botanical parts of the Pacific Eciilroad 
reports. Jour. Arnold Arbor. 24: 237-242. Ap 1943. 

Lloyd, r. E. The carnivorous plants, i-xv, 1-352. pi. 1-88 + f. 1-11. Ohronica 
Bot. Co., Waltham, Mass., 1943. 

McAtee, W. L. Some local names of plants — Torreya 42: 153-168. 
N-rD 1942 [24 Ap 1943]. 

Mason, H. L. Ethel Katherine Crum.’ Madrono 7: 33-35. Ap 1943. 

Ochoterena, I. Outline of the geographic distribution of plants in Mexico. 
Chron. Bot. 7: 311-315. Je 1943. 

Pennell, F. W. Bontanical collectors of the Philadelphia local area. Bartonia 
21: 38-56. 27 My 1942. 22: 10-31. 7 My 1943. 

Seaver, F. J. William Sturgis Thomas. Mycologia 35: 133. port. 5 Ap 1943. 
Standley, P. 0. & Steyermark, J. A. The vegetation of Guatemala, a brief 
review. Chron, Bot. 7: 315-318. 1943. 

"Woodworth, B. H. Economic plants of St. John, U. S. Virgin Island. Bot. Mus. 
Leafl. 11: 29-56. 22 Ap 1943. 

Wulff, E. V. An introduction to historical plant geography, i-xv, 1-223. f. 1-85* 
Chronica Botanica, Waltham, Mass,, 1943. ' 







B IT L LETT N O F T H E T O M R E T B (> T A X i f A L r 1. T It 
VOL. 70 , Nq.^ 6, pp. 559-562 , , 


TRACY ELLIOT HAZEN 
1874-1943 


, Cornelia L. Carey, Harold C. Bold and John Hexdlkv BAiixiiAiti 

Professor Traev Elliot Hazm, distiiiji'uished botanist and fionorain lilV 
member of the Torrey Botaiiieal Club, died Maivh lo, VMll at WatorlHiin, 
Coniieeticiit, after several years of deolinin^^ health. Ho was tbo yonmi^‘vt 
of seven brothers, three of whom, Rev. Carleton Hazen of Aliddletown. Coil 
necticut, Rev. William Hazeii of Auburndale, Massachusetts and !)r. Robt-rt 
Hazen of Thomastoii, Coniieetieut, survive him. He was born duly 4, Ihl-l 
ill Jericho Center, Vermont, the sou of Rev. Austin llazen and Mary dune 
(Carleton). His early years were spent in the vit'inity nl‘ Ids biritipliiee, 
where he had ample opportunity to develop liis life-lon^^ interest in plants. 

He prepared for college at the Mount Hermon Stdiooh ami was graduated 
from the University of Vermont in 1897 with the A.B. <legn*e, Alagna Cinii 
Laucle. He was elected to membership in Phi Beta Kappa at this time. As a 
student he was keenly interested in the study of the classics, and his decdsion 
to devote his major interest to botany was the occasion id’ disapf)ointment for 
faculty members of the classical department. In this <*onnection he often 
recalled the stimulation and encouragement he had rec(dved from Professor 
L. R. Jones, at that time in charge of the botanical work at Vernumt. Tint 
meticulous care and critically keen powers of observation, whi(di are so char- 
acteristic of Dr. HazeiCs later publications and researches, are already 
apparent in liis senior thesis on Sphaerella lacnairis, a study whieh he later 
elaborated and published as a Memoir of the Torrey Club. The beautifully 
colored illustrations from this paper have been reprodueed in liiimerous 
texts. Dr. Hazen remained a loyal son of the University (d* Vtuunoid, 
i^eturning frequently to participate in the alumni activities duritng the 
annual Commencement week. 

During* the three years, 1897—1900, he pursued graduate studies in IhU- 
any and zoology at Columbia University, receiving the A.M. degree In Th 99 
and the Ph.D. the following year. At the suggestion of PndVssor L, M. 
Underwood, he canned on critical taxonomic studies of the lilamentiHis 
Chlorophyceae. The results of these studies were ultimately puhiislH‘d in 
the eleventh volume of the Memoirs of the Torrey Club. lie lK*ramc an 
inclefatigable colleetor during this work. During tliis period lie was <dected 
to membership in the Torrey Botanical Club, in the aetivitii‘s «d which be 
maintained an active interest until his death, serving as its presid<mt in 

The portrait of Doctor Hazen is published with the assistance cf tbe Luvuni .M, 
Underwood Metnorial Fund. 
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1934 and 1935, as associate editor in 1903-1911 and 1932-1939, and as editor 
in 1924-1931. After forty years of loyal service and annnal membersliip he 
was elected an Honorary Life Member in 1939. 

Dr. Hazen served as Director of the Fairbanks Museum of Natural Sci- 
ence at 'St. Jolnisbury, Vermont, during 1901-1902, continuing his collection 
and study of the algae, as well as of the ferns and flowering plants. He re- 
turned to Columbia as assistant in the Department of Botany from 1902 to 
1903. In January of the latter year he was called to Barnard College as 
Tutoiyto continue the work of Miss Louise B. Dunn, who had died. Thus 
began an association with that school which was to continue for thirty-six 
years. He attained to the rank of associate professor which he held at the 
time of his retirement in 1939. 

The years at Barnard were exceedingly fruitful in research (much of 
which remains unpublished), and more especially in teaching. Few^ others 
have given so unstintingly, so unselfishly, and with such complete devotion 
to their students. Professor Hazen wms driven by his ideal of providing 
living specimens in various stages of development for his students; he spared 
no effort, time or expense in realizing it. In the early years he traveled long 
distances by bicycle through New^ York City and its suburbs collecting the 
necessary material. Later, the excursions were made by public conveyance, 
always at his own expense. His hundreds of carefully chosen microscopic 
preparations w^ere personally prepared and greatly enlianced the value of 
his courses for the student. He had an uncanny ability for transmitting his 
owm extremely keen powers of perception to his students, and wms never 
content iintil the dullest of the group had correctly observed and understood 
the most obscure features of the specimen before him. He wus unflinchingiy 
zealous in aceomplishing this purpose, giving ungrudgingly of his leisure 
hours to all who sought help. Teaching of this high order is unfortunately 
all too rare. 

His research interests were fundamentally in the Chlorophyeeae, more 
especially the unicellular Volvocales; wherever lie traveled he studied, pre- 
served, and prepared notes and illustrations of the local representatives of 
the group. Many plates of beautifully colored illustrations executed during 
these studies bring to light a number of species and several genera new to 
science ; it is hoped that these may be published. He was abundantly endow^ed 
wuth the patience, keenness and perseverance necessary for the critical 
study of these motile organisms. His publications on Lohomonas enii 
BracMonionas refleot countless hours of grueling, long-continued microscopic 
observation, which were rewarded by a completeness of understanding of 
their structure and reproduction, scarcely equaled by others. His failure to 
publish much of his work may be attributed to his inordinately high ideals of 
perfection and thorGUghness. In addition to the algae, Professor Hazen 
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maintained a lively interest in the angiosperms, and in this connection pub- 
lished his well known study of trimorphism in Ponteclesia. 

Professor Hazen traveled quite extensively in Europe, South America, 
and the West Indies, collecting and studying the local floras, and at the same 
time nurturing his increasing interest in genealogy. He was a member of a 
botanical expedition to the high Andes of Colombia in 1922, and of Dr. 
Britton's. expeditions to Trinidad in 1920 and to Porto Kico in 1924. 

In addition to his duties at Columbia, Professor Hazen taught in the 
course on algae at the Marine Biological Laboratory, Woods Hole, Massa- 
chusetts, during the summers of 1924 and 1926, and served in a similar 
capacity at the Hopkins Marine Station, Pacific Grove, California, during 
the summer of 1930. 

For a number of years he served as an appointed member of the Board 
of Managers of the New York Botanical Garden from the Torrey Botanical 
Club, and was also a member of the Corporation of the Botanical Garden 
until 1942. He represented the Torrey Botanical Club at the International 
Botanical Congress in Amsterdam in 1934, at the Centenary Celebration of 
the Botanical Society of Edinburgh in 1936, and at the meeting of the 
British Association for the Advancement of Science in 1938. In spite of 
extreme debility, and against his physician’s advice, he attended the cele- 
bration of the seventy-fifth anniversary of the Torrey Club in June 1942. , 

This proved to be his last opportunity for active participation in the Club’s | 
activities. ^ 

After retiring Professor Hazen gave himself more fully to genealogy, | 

and achieved considerable distinction and recognition in this field. He wrote | 

several papers of genealogical interest which were published in the New I 

England Historical and Genealogical Register in 1939 and 1940 as Gontri- j 

biitions for the T ercenienary of Rowley, Massachusetts, and left a number 
of other papers in manuscript. In recognition of his scholarship he was^ I 

invited in 1939 to deliver the main address at the celebration of the Ter- | 

centenary of Rowley, Massachusetts. 

Beside the Torrey Botanical Club Professor Hazen held memberships in 
a number of other societies, among them the American Association for the I 
Advancement of Science, the Botanical Society of America, the Marine Bio- j 
logical Laboratory, the New England Botanical Club, the Connecticut ! 
Botanical Society, the American Pern Society and Sigma Xi, He was also a | 
member of the Vermont Historical Society, the Massachusetts Historical j 
Society, the New England Historic Genealogical Society, the Society of | 
Colonial Wars in Massachusetts, the Society of Mayflower Descendants in | 
Connecticut and the Society^ of gons ' of the American Revolution. | 

In a letter to Professor Hhz&’s family the Corresponding Secretary of I 
the Club has aptly summarized the sentiments of its members in writing: j 


562 


BULLETIN OF THE TORRE Y CLUB 


[Yol. 70 


. the Torrey Botanical Club was siiigulaiiy fortunate in having 
profited by the sound scholarship, the meticulous labors, the faithful devo- 
tion to duty, and the kindness of heart of Professor Tracy E. Hazen. All its 
members admired him, all respected him as a thorough gentleman, and all 
who knew him intimately loved him. ’’ 

The published work o£ Tracy Elliot Hazen 

Tlie life history of Sphaerella lacusiris (Eaematococeus pluvialis). Mem. Torrey Club 6: 
211-246. pZ. 56', -S-r. 8 My [8 Je] 1899. 

The seventh annual winter meeting of the Vermont Botanical Olul). Uhodora 4: 64. 6 Mr 
1902. 

The Ulothricaceae and Chaetophoraeeae of the United States. Mem. Torrey Club. 11: 

135-250. pi 20 O [10 8] 1902. 
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THE OSMOTIC QUANTITIES OF THE CELLS IN THE 
HYPOCOTYL OF HELIANTHUS ANNUUS . 
SEEDLINGS^ 

William A. Beck and Basilia Andrus 

INTRODUCTION 

111 recent years great interest has been manifested in the nature of 
growth in plants by cell enlargement. In particular a source of energy has 
been sought which would satisfactorily account for the phenoinenon of the 
enlargement of the plant cell. The older notion that turgor is entirely respon- 
sible for the enlargement became untenable wdth the discovery of Ursprung 
and Blum that the turgor in the growing root cells of Yicia fata is minimum 
in the zone of maximum growth. More recently an active growth of the ceil 
wall was made accountable for the phenomenon. The auxin was made re- 
sponsible for this growth of the wall, but for some time it Avas not clear if 
the auxin caused it directly or only by acting inductively upon the proto- 
plast. Growdh of the wall by intussusception can hardly be doubted in view 
of recently proved facts, and there can be little, if any, doubt that this 
growth of the wall is due to the addition of materials elaborated by the proto- 
plasm, which is influenced in its activity by the growth-promoting substance. 
It is probable that the influence of auxin evokes, not only the elaboration of 
the necessary wall material, but other growth phenomena as well, such as the 
production of the solutes necessary to maintain the turgor of the grooving 
cells. 

It is the purpose of the present study to investigate carefully the active 
growth of developing cells and their osmotic quantities, with the end in view 
of correlating these phenomena and drawing such conclusions as are possible 
regarding changes in the physical nature of the protoplast, the cell sap, and 
the wall. The results should give a better understanding of the nature of 
growth by cell enlargement, and of the energies which are involved. 

The terms expressing osmotic quantities have been used in such a variety 
of meanings that one is in doubt many times about their real significance 
when used by an author who fails to define his terms accurately. For that 
reason care is taken here to define each term and state its significance. For 
a review of the literature on this subject the reader is referred to the woiLs 
of Ursprung (44, 46), Beck (3), and Stark (40). 

In plant physiology the term osmotic quantity is employed to designate 
any of the quantities which refer to such pressures or tensions in the living 

1 The cost of publication of this paper was assisted by the Iiistitutiiin Divi Tliomae, 
Bradley Hall, Palm Beach, Florida. 
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plant cell as depend directly or indirectly upon osmotic phenomena, includ- 
ing components that result from combinations of these elementary vector 
quantities. 

In previous work on growth phenomena and pigment production (6, 7, 
9, 10, 12* 13, 14, 15), Helianihus animus was used; it was natural to choose 
the same object for experimental study in the present work since a body of 
data regarding these seedlings is on hand. From previous experience and 
careful propagation each year it was possible to have strictly comparable 
plants from seeds of the same strain grown under identical conditions. 

Euge (35, 36) studied the hypocotyl of Helianihus seedlings in an effort 
to determine the influence of heteroauxin on cell enlargement, and recorded 
osmotic quantities determined by him which may well be compared with the 
data we present here. But it must be remembered that the regions of the 
hypocotyls which he employed are not the same as in our experiments and 
he cultured his seedlings somewhat differently. His seedlings were not of the 
same age or size as ours and he confined his studies to the cortical tissue, 
while we studied both the epidermal and cortical tissues. The exact determi- 
nation of the osmotic quantities is tedious and involved; it demands much 
time, so that conceivably Ruge was obliged to give less attention to this phase 
of his work, considering the many and varied operations that he was obliged 
to carry out within a limited time to achieve his objective. He followed 
Ursprung’s methods for the determination of some of his quantities, but it 
is not clear if he did so for all. 

We proposed to give close attention to the exact determination of the 
osmotic quantities in normally developing cells, that is, from the time the 
cells cease to proliferate to the mature state. Our work extended over a 
period of three years. 

METHODS 

Etiolated Helianihus seedlings, 90 hrs. old, grown under controlled con- 
ditions (90 per cent relative humidity and 25° C) were employed. At this 
age the plants were approximately 45 mm. high. From previous work it was 
concluded that the cells of the hypocotyl proliferate directly below the base 
of the cotyledons within a distance less than 2 mm. from the base of the 
cotyledons, and at a distance of 35 mm. the cells were eertainly mature. 
Accordingly the hypocotyl was divided into seven zones, each 5 mm. long as 
indicated in figure 1, and the osmotic quantities were determined for the 
cells of each zone. 

The methods devised and described by Ursprung (45) were followed in 
this work. Our results do not refer to individuat cells but to sections of spe- 
cific tissues. Sucrose was used as a plasmolyzing agent, since it is better than 
any other agent (2, 20, 41, 51). It is well to remember when comparing our 
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results with those obtained by Enge (35) that he used dextrose as his agent 
ill some of his studies. 

For the determination of cellular dimensions the eyepiece micrometer of 



Fig, 1. Selianthus seedling as used in tlie experiments. 

the regular microscope was employed, but for the dimensions of sections 
of tissues and variations of their lengths a special measuring microscope was 
employed in which the error was not more than ± 0.01 mm. 
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The order in which the various osmotic quantities were determined was 
not the same as that followed in the presentation of the work. In the labora- 
tory the order w^as as follows: first the determination of the sizes of the cells 
ill the normal state, while immersed in paraffin oil; and then the suction 
tension ol:* the cells by direct measurement; the osmotic value at incipient 
plasmolysis; and the osmotic value at saturation ; together wdth the respec- 
tive sizes of the cells in the three states ; finally the wall pressure was deter- 
mined. 

For the sake of clarity the data will be presented in the following order: 
the cellular dimensions and cellular characteristics will be discussed first; 
and will be follow^ed by the osmotic value of the cell sap in the three states; 
and the suction tension of the cell as an entity ; finally the w^all pressure Avill 
be discussed. 

CELLULAR DIMENSIONS AND characteristics 

Discussion of the Cells and Their Walls. Before diseussing the osniotic 
quantities of the cells at different ages it is w’^ell to have a clear understand- 
ing of the general appearance of the plants which w^ere employed and the 
sizes and characteristics of the cells at different stages of clevelopment. 

In figure 1 a diagram of a typical seedling is given. This may w^ell be 
taken as a diagram of the average form and size of all that w^ere used. Care 
was taken to draw it exactly to size from a specimen that Avas considered the 
average. . 

The smaller diameter of zone 1 is characteristic. Under the conditions of 
culture the seedlings were etiolated and the carotene and xanthophyll were 
chiefly located in the cotyledons and the uppermost region of the hypocotyl. 
The rest of the hypocotyl is opaloid. No effort was made to deteriiiine 
whether the pigment deteriorated with the enlargement of the cells or 
whether it was merely masked by the total reflection of light in the inter- 
cellular spaces formed in the cortical tissue as the hydrostatic pressure of 
the cells increased ill that tissue. Since it has been suggested that the caro- 
tinoid pigments may be a part of the respiratory mechanism it is desirable 
to investigate the possible correlation of pigment production and cell en- 
largement. If these pigments affect the auxin acthdty in the protoplast, cell 
enlargement may in turn be influenced by the presence or absence of these 
pigments (8, 9). 

It was not considered necessary to study regions which lay further re- 
moved from the cotyledons than 35 mm. because beyond 25 nun. the cells 
may be considered mature, as was shown by Beck and Donnelly (13). 

It is important in such studies as we have in hand to recognize the distri- 
bution of the growdh zones, hence a very careful study of the climensions of 
the cells in each of the seven zones was made and the results are recorded 
in Table, l.'v '■ 
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Tlie leng'tli of the cells was determined with the aid of the eyepiece 
Biicrometer. The determinations were made at three points in each zoiiOj the 
uppermost, the lowermost, and the midregions, and the average of these was 
recorded in table 1. It was considered sufficient to determine the ],eiigth of 
the cells as an expression of their enlargement, since actual measurement 
proved that the diameter of the cells was almost the same in all seven zones. 
This is in agreement with the fundamental rule that was first suggested by 
Czaja (19) and verified by Ruge (35) for the hypoeotyl of Helianihiis seed- 
lings, and was further confirmed by Borgstrom (17), that the cell walls grow 
ill a polar manner increasing their mass in the lateral walls but not appre- 
ciably in the transverse. Since the development of the stomatal complexes 
distorts the neighboring cells, these regions were avoided. No particular diffi- 
culty was experienced in the study of the cortical cells. 

The cells directly beneath the eotyledons were compressed in general 
appearance. This region did not extend much beyond 1 mm. and certainly 
not beyond 2 mni. This is evidently the zone of ceil proliferation, and the 
region in which auxin is produced. The auxin which is present in the remain- 
ing 3 mm, of zone 1, in which the cells have begun to enlarge, is probably the 
auxin which was formed in the uppermost 2 mm. and is in the process of 
transloeation (12). 

Since the cells of zone 1 are possessed of a relatively small cell sap cavity, 
when it is not entirely lacking, reliable figures regarding osmotic quantities 
can hardl.v be expected. Our results are, however, included in the table for 
the sake of completeness. In an effort to interpret the results it must be borne 
in mind that the forces refer predominantly to the phenomenon of imbi- 
bition in this zone. Plasmolytie methods when applied in very young cells 
yield more or less doubtful results for another reason; namely, that the 
undeveloped cell walls lack elasticity and rigidity, so that when they are 
expanded beyond the limits of elasticity in any operation, they do not 
readily recede with the protoplast when an attempt is made to plasmolyze 
the cell. It was for this reason that Overbeck (30) and Oppenheimer (29) 
criticized Ursprung’s method of determining the suction tension. To avoid 
any similar error we modified Urspruiig's strip method. After first deter- 
mining the suction tension by Ursprung’s original method in order to obtain 
threshold values, we made as many independent sections as we deemed neces- 
sary, and immersed them simultaneously in graded solutions above and 
below the threshold values. Each strip was immersed only once in a solution 
of specdfie eoncentration. The, size of each strip xvas determined before im- 
mersion and again after immersion. The solution in which a strip failed to 
alter its size was evidently in equilibruim with the cells. In this manner the 
possibility of stretching the walls beyond the limits of elasticity was avoided. 

In view of the fact that there is some discussion regarding the manner in 
which the a olunie of the cell enlarges, i.e., whether it enlarges by the insertion 
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of new material or whether only passively by a process of stretching it be- 
yond the limits of elasticity under the stress of the hydrostatic pressure from 
within, it was thought wall to measure the thickness of the cell wall in the 
different zones. Unfortunately we ware not equipped to do this with suffi- 
cient exactness, since our instrument error using the eyepiece micronmter 
was too great. We did, however, make an attempt to get what information 
we could by this method. 

Frey-Wyssling (22), employing the double refraction method, proved 
that the cellulose chains of the cell walls of grasses shift during certain 
phases of growdh. Euge (36), employing the same method, concluded from 
his experiments that such shifting of the chains occurs in Helmithtis seed- 
lings in a zone about 4 to 5 mm. long directly beneath the cotyledons. Accord- 
ingly he holds that in this zone the cell wall is stretched beyond the limits 
of elasticity by the inner hydrostatic pressure. Our own less exact methods 
lead to the same conclusions. This conclusion is probably true in the lower- 
most region of the first zone. The fact that the diameter is less in the first 
zone than in the rest of the hypocotyl is in agreement wdth this conclusion. 
It was evident to us that the walls of the epidermis became thinner as growth 
proceeded in the first zone. In the older zones the cell wall became thicker 
progressively. In the cortical tissue it was more difficult to come to a decision, 
but there ware no contradictory data to prevent us from agreeing wuth Euge, 
that in the very young cells not much material is added to the cell wall by 
the process of intussusception, but at a distance of more than 6 mm. from the 
base of the cotyledons there is evident growth of the wall by intussuscep- 
tion (36). 

The participation of turgor in the process of growth by cell enlargement 
has long been a subject of discussion. In 1924 Ursprung and Blum (47) 
pointed out that turgor is least in the region of greatest growdh. In our 
studies we have found that turgor, or its equilibrant the wall pressure, is 
least in this region, but not least at the point of inflection of the growth 
curve, that is at a distance of 6.5 mm. from the base of the cotyledons (10, 
14). In our studies of wall pressure we have found that the value is least 
at a distance of 20 mm. from the base of the cotyledons in the epidermis and 
at a distance of 15 mm. in the cortical tissue (see figure 5). 

Contraction and Expansion of the Cells. The contraction of normal 
cells wffien plasmolyzed is very interesting. It was determined by direct 
measurement and the results are recorded in table 1. When the size of the 
cell at incipient plasmolysis was plotted against the distance from the base 
of the cotyledons the enrves for both tissues were found to be typical growth 
cnrves jnst as was found to be true for the cells in the normal state (10, 14) . 
This is clear evidence that the walls grow actively, since the wmlls were not 
thinner in older than in younger cells, and therefore there conld not have 
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been more stretcliiiig beyond the limits of elasticity. The per cent contraction 
is not the same for the two tissues and does not vary from the average so 
much in the epidermis as it does in the cortical tissue, an evident indication 
that the nature of the wall is not the same in the two tissues. The e^iidermis 
shows least ability to contract in the second zone and greatest ability in the 
third, fourth, and fifth, and then definitely declines in the sixth and seventh 
zones (see table 1 and figure 2). The cortical tissue also manifests a low 



Pig. 2. Variation of tlie sizes of the cells from the normal, expressed in per cent, at 
plasinolysis and saturation for the seven zones. 
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ability to contract in the first zone, but then rises to a maxiniiim in the third, 
after which there is a steady decline in the older zones w^here it is lower even 
than in the epidermis. From this it may be concluded that in the older zones 
either t^.e cells in their normal state lack water (On and Og being nearly 
equal might indicate but not prove as much; see table 2) or the walls cannot 
contract much in the two tissues because of the lack of elasticity. Since the 
suction tension is relatively low in the older zones there can hardly be a lack 
of water, so that the low ability to contract must be ascribed to the nature 
of the wall, i.e. in zones six and seven the epidermis becomes rather rigid, 
and the cortex becomes more rigid as early as in the fourth zone. 

The expansion of normal cells when placed in water was also determined 
by direct measurement. The cortical tissue shows considerably greater ability 
to expand than does the epidermis, particularly in the uppermost five zones. 
This is not difficult to understand from the respective structure and func- 
tions of the two tissues. 

The ability to expand decreases temporarily in the first three zones and 
rises to a secondary high in the fourth, and thereafter decreases steadily. 
In the cortical tissue the ability to expand is unusually high in the first zone 
and sinks temporarily in the second zone to rise in the third zone to a secon- 
dary high, after which it decreases rapidly to the all low in the mature cells, 
almost equal to the low^ of the epidermal cells. It is interesting that the ability 
of the epidermis to expand is low^ in the third zone when it is high in the 
cortical tissue, which indicates that the development of the cell walls is not 
identical in the tw^o tissues. 

The ability to contract is a safer indication that the w^all is elastic than 
is the ability to expand: if the w^all will neither contract nor expand readily 
it is evident that the walls are rigid. If the w’^alls expand readily, but do not 
contract readily the indication is that the walls are plastic and that the water 
supply^ has not been sufficient to allow^ further expansion (otherwise they 
should be stretched beyond the limits of elasticity), either because the water 
had to be raised in the plant against the force of gravity, or because the 
potential difference betw^een neighboring suction tensions was not sufficient 
to allow water to flow readily into the cells. If there is a fair degree of expan- 
sion and contraction as well, the indication is that the wmll is neither plastic 
nor rigid, i.e. moderately elastic. 

Interpreted in this sense our data show that the epidermis is very plastic 
in the first two zones, less so in the succeeding ones. In the third zone the 
contraction is high and the expansion low, accordingly the elasticity is high. 
The elasticity is maximum in the fourth zone where both contraction and 
expansion are high. In the more mature epidermal cells both expansion and 
contraction decrease ; that is, the walls are evidently more rigid. 

The cortical tissue develops somewhat differently. The degree of contrac- 
tion is low^ in the first zone where the extensibility is high, indicating great 
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plastieity. In the third zone both the expansion and the contraction are high, 
i.e. niaximiini elasticit}^ exists. From this point on the expansion as well as 
the contraction decrease steadily, clearly indicating that the walls are becom- 
ing rigid. 

From the respective values for the two tissues it is evident that the 
cortical cells have far less rigid walls than do the epidermal cells, which is 
as might be expected from a consideration of the respective functions of the 
two tissues. 

It is particularly interesting to study the diagram in figure 1. In agree- 
ment with the macroscopic determination of the diameter of the hypocotyl 
in the first zone, the cells in this zone are always somewhat less in diameter 
than the cells of the older zones. Only well along in the second zone is the 
nearly constant diameter attained. If it is assumed that the walls are plastic 
and that the osmotic turgor develops slowly and the suction tension, never- 
theless, remains high, it is evident that the high suction tension is due to the 
imbibition of the protoplast and is essentially non-osmotic in nature. 

Characteristics of the Protoplast. {^) Gradients. There is a charac- 
teristic gradient of viscosity in the protoplasm of the cell of the hypocotyl 
of the seedlings, ranging from the zone Of cell proliferation to the enlarged, 
mature cell. We verified this by direct experiment but are not listing our 
results because they do not show anything more than is already recorded in 
the literature by Strugger (41) and Euge (35). There can be no doubt of 
this fact in the particular esise oi Helianthns seedlings. It appears to be a 
general fact that young protoplasm is more viscous than older protoplasm, 
since it was proved in algae and fungi as well as in various organs of the 
higher plants (18, 26, 34, 49, 50) . 

It is generally admitted that protoplasm is a complexly built mixture of 
hydrophilic colloids and we are accordingly justified in applying to it the 
principles of colloid chemistry. Physico-chemical experiments have shown 
beyond reasonable doubts that the relative viscosity of a substance is a good 
indicator of its relative eolloidal state. A knowledge of the changes in vis- 
cosity of the protoplasm, such as are indicated by the gradient manifested 
in the developing cells of the sunflower seedlings, aids in a better under- 
standing of changes that occur in the colloidal state of the protoplasm. 

The viscosity has been brought into correlation with gTowth and growth- 
promoting substances by Strugger (42) employing the hypocotyl of JJcIi- 
seedlings, who found that the young cells of the stretching zones 
require a greater length of time for the protoplast to become rounded off in 
a plasmolyzing solution than do mature cells, and he concludes that they 
consequently possess a higher internal non-osmotic pressure expressing itself 
by a greater viscosity. Kuge (35) obtained similar results. We repeated these 
experiments and obtained similar results. From the facts recorded in the 
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literature it is evident that we can express ourselves regarding' the eliaraeter- 
istics of the protoplasm in the seven zones of onr seedlings such as its 
swelling ability, its stability, and its electrical charge. The swelling power 
of the protoplasm is considerable in the first zone and negligible in the 
others ; there is a definite gradient from the younger cells to the older ones 
which is termed the plasmolytie gradient. This must, of course, be borne in 
mind w^hen interpreting our results, since no effort was made to distinguish 
between the suction tension which is produced by the suction tension of the 
cell sap (due to osmosis) and that produced by the suction tension of the 
protoplasm (due to imbibition). Bennet-Clark, Green wuod, and Barker (16) 
considered it possible that active '‘secretion^’ of wmter takes place from the 
protoplast into the cell sap cavity, but it wuuld hardly be justified to con- 
sider the increment of w^ater in the cell sap cavity as a kind of synaeresis, 
since there is active production of solutes as the cells grow older (10, 14). 
No doubt, the cell sap concentration must bear some relation to the viscosity 
and the colloidal state of the protoplast, so that the protoplasm is constantly 
in dynamic equilibrium wuth its aqueous environment. 

Pfeiffer (31, 32, 33) proved that a definite degree of viscosity in the cyto- 
plasm is correlated with a definite electrical charge of the plasma colloid. 
When the electrical charge is changed then also an electro-viscosity effect 
must follow. The growing and non-growing cells are accordingly character- 
ized by this, that the variations of the plasma ampholytes from the isoelectric 
point (I.E.P.) are different. The mature cells are ‘^fixed.’’^ There is suffi- 
cient experimental evidence in the literature regarding the cH gradients in 
relation to the differentiation of tissues to warrant the employment of the 
plasmatic gradients’^ as visible expressions of the cH gradients wdiich 
proceed in the same direction (24, 25, 37, 38). 

The established cH gradient is significant for another reason, namely 
that it suggests a correlation of growth by cell proliferation and cell enlarge- 
ment. It is well established that there is a difference of electrical potential 
between the chromatin of the nucleus and the cytoplasm ; the nucleus being 
electro-negative and the cytoplasm electro-positive. Since cell proliferation, 
w^hich is known to be rhythmic, ceases in the hypocotyl a short distance from 
the base of the cotyledons, and cell enlargement occurs in a graded manner 
parallel with the viscosity and the cH gradient, and is also rhythmic, the 
whole process of cell enlargement, which is knowui to be induced by natural 
auxins and heteroauxins (which are characteristically acid in reaction) must 
be related. It is extremely difficult to consider the function of the chromatin 

- Because of the ampholyte nature of the protoplast a critical point must he reached 
at a very definite hydrogen ion concentration, in which the number of anions and cations 
is the same in their minimum. At the isoelectric point their cH is zero, in which there- 
fore the electrical charge of the colloid is zero, and the number of neutral particles is 
maximum (cH = O at I.E.P ), # 
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from a piirel\" material concept basis without involving* orientating forces, 
directed outward from bio-molecular electro-magnetic fields. 

(b) Discussioii of ilie Characf eristics. There can be no doubt about the 
generation of auxin in the zone of cell proliferation. The nianneigin wliich 
it acts to cause cel! enlargement and its translocation are not very clear. 
How gravity influences the auxin is particularly obscure ; if it occurs in the 
form of pure solution gravity cannot affect it, and if it is not in pure solu- 
tion its translocation by diffusion becomes impossible. These facts suggest 
that the auxin exercises its influence in a manner comparable to that of 
'^evocators’’ (27). 

Auxin must definitely be regarded as a phytoliornione and consequently 
specificity, such as is attributed to bio-regidators in general, must cliaraider- 
ize it. One of the outstanding marks of protoplasm is its specific ability to 
sjmthesize as,ymmetric compounds in Avhich the atoms of the molecules are 
arranged in a specific asymmetry that cannot be duplicated in inorganic 
systems. Asymmetry points to a labile, dynamic, spatial arrangement of tlie 
atoms in the molecule, and the aging of cells ma,v be regarded as a. trend 
towards stable equilibrium within the bio-molecules. The more unstable the 
molecule, the greater the free energy content. The forces exercised by higldy 
labile asymmetric molecules of the young proliferating cells directly beneath 
the cotyledons, through their asymmetry-inducing energy upon other mole- 
cules, may be assumed to play a very important role in influeneing the 
growth of the older cells by cell enlargement, the material expression of this 
would be the formation of auxin. 

Science has traveled far since Van ’t Hoff and LeBel laid the foundations 
for the science of stereo-chemistry. The valence in a material is no longer 
considered in a mechanical manner, but is linked to its configuration of 
electrons and its system of waves. The phenomena attending the asymmetric 
organic molecule are far more readily interpreted by means of the energy 
concepts of modern atomic theories than by means of the older theories of 
the classical physicists. The cH gradient suggests that the "trigger energy” 
Avhich directs the process of cell enlargement, resides in the chroinatin and 
that it is maximum in the young cells and minimum in the mature cells. It 
is particularly significant in consideration of this possibility that auxin is 
acid in reaction. When the cells are too far remoA^ed from the source of auxin 
and the electrical potential difference betAveen the nucleus and the cytoplasm 
of mature cells is small, and the "trigger energy” is spent, a state of equi- 
librium is produced, so that the activity of the cell is nearly purely physical 
and the osmotic quantities are more involved in the functioning of older cells 
than in the younger. 

These notions are helpful to a better understanding of the evident corre- 
lation of cell proliferation and cell enlargement, the evident dependence of 
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both on mitosis, and the influenee of the chromatin on the })henoinena aeeom- 
panying giowth. They also help to make it clear that the iiiieleus is indis- 
pensable for the physiological activity of the cell in general, and growth by 
cell enlar|>‘enient in particular. It is suggested accordingly that the natural 
auxin has its source in the nucleic acids and depends on tlie niitotie activity 
for its production. Also that its bio-regulating effect depends upon its power 
to direct the formation of speciffc asymmetric strucdiires within the proto- 
plasm and that this effect is inductive and need not necessarily be conducted 
to exercise its influence. The induction might w^ell occur electro-magnetically. 
This view receives encouragement from the fact that so many different kinds 
of organic acids can exercise an effect similar to that of auxin upon plant 
cells. It is doubtful if these acid agents produce exactly the same physiologi- 
cal effect as does the natural auxin, but their acid nature can influenee the 
])rotoplasm in such a manner that growth by cell eidargenient is simulated. 

THE OSMOTIC VALUE ANI> THE EQUIVALENT SUCTION TENSION OF THE 
CELL SAP OP CELLS IN THE NORMAL, PLASMOLYZED, 

AND saturated STATES 

The concentration of the sap, which contains organic and inorganic 
solutes, is not the same for a given cell in the normal, plasmolyzed, and 
saturated states. The concentrations in the three states are symbolized by 
(On), (Og), and (Os), respectively, and are expressed numerically in func- 
tion of the concentration of the plasmol^de which has the same osmotic pres- 
sure. The suction tensions which are equivalent to the concentrations (On), 
(Og), and (Os) are symbolized by (Sin), (Sig), and (Sis), respectively, and 
are expressed in atmospheres. 

It is evident from the nature of the process emp]().yed tliat for a given 
cell or tissue : 

Og>On>Os;and 

Sig>Sin>Sh. 

This fact is well illustrated by our recorded results (see table 2). 

Weber (51, 52) pointed out that the normal permeability of the proto- 
plasm is ehanged by plasmolysis when certain plasmolytes are employed. 
He speaks of f ‘ plasmolysis permeability.^’ He and Strugger (42) agree with 
Beck (2) that when sucrose is employed as a plasmolyzing agent there is no 
immediate influence exerted upon the permeability of the protoplasm. Our 
experience in the present work is in aceoiTl with this view. 

The time necessary to produce incipient plasmolysis was found to be 
greater for young cells than for older ceils. This became particularly evident 
when, after a number of trials, the concentration which produced incipient 
plasmolysis was determined, and then fresh tissue was placed in the sugar 
solution of that concentration, which was approximately the correct Og 
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value, and the time required to produce plasmolysis was determined. We did 
not go into this matter as thoroughly as others, but we, can safely state that 
young cells required more time to become plasmolyzed than did mature cells. 
When excessively high concentrations were employed, the protoplasts of tlie 
young cells became plasmolyzed in a shorter time than in the nearly correct 
Og concentration, but the form of the plasmotyzed protoplasts was not con- 
vex, as it normally should have been. If sufficient time was allowed, however, 
the ''cramped plasmolysis’’ form, as Weber calls it, changed to the normal 
convex form. This fact indicates that the protoplast of young cells is more 
viscous than that of mature cells. It is also evidence that the x)rotoplasm of 
young developing cells is in intimate union with the cell wail and in the 
process of plasmolysis is torn away violently at many points, but remains 


TABLE 2. The Concentration and the Suction Tension of the Cell Sap in the Nor- 
mal, Plasmolyzed, and Saturated States, Expressed m Mots and Atmos., Eespeotively. 



At Incipient Plasmolysis 

In tlie Normal State 

In tlie Saturated State 

Zone 

Epidermis 

Cortex 

Epidermis 

Cortex 

Epidermis 

Cortex 


0, Si, 

Og Sig 

0, Si„ 

On 

Sin 

O.S Sis 

Os Sis 

1 

0.28 7.6 

0.407 11.41 

0.27 7.3 

0.405 

11.35 

0.268 7.24 

0.362 10.06 

2 

0.255 I 6.8 

0.40 11.20 

0.248 6.64 

0.398 

11.14 

0.233 6.29 

0.360 10.00: 

3 

0.25 6.7 

0.385 10.75 

0.243 6.49 

0.384 

10.72 

0.241 6.43 

0.342 9.46 ; 

4 

0.24 6.4 

■0.345 1 9.55 

0.288 6.14 

0.344 

9.52 

0.226 6.08 

0.309 8.47; 

5 

0.23 6.2 

0.340 ■ 9.40 

0.225 6.05 

0.339 

9.37 

0.221 5.93 

0.312 8.56 

6 

i 0.23 6.2 

0.310 1 8.50 

0.266 6.08 

0.309 

8.47 

0.244 6.02 

0.302 8.26 i 

7 

0.23 6.2 

0.295 ^ 8.05 

0.266 6.08 

0.294 

8.02 

0.225 6.05 

0.284 7.721 


attached at some points. These facts suggest that in careful work in which 
the plasmolytic method is employed, the final readings should be determined 
with solutions which are not far removed from the true Og concentration, 
and sufficient length of time should be allowed for evident convex plasmoly- 
sis. These precautions were taken in our work, and we feel certain that the 
protoplast was not injured as the result of violent treatment. We found that 
mature cells usually did not require more than ten minutes to plasmolyze 
but young cells sometimes required thirty minutes. - 

Since, as was previously described, the volumes of the cells at incipient 
plasmolysis, in the normal state, and in the saturated state are known, it is 
not difficult to calculate the concentrations of the sap in the normal and 
saturated states from the concentration in the state of . incipient plasmolysis 
b^dthe methods described by Ursp rung (45). The equivalent suction tensions 
can be obtained from the table of Ursprung (45) in which the equivalent 
concentrations and osmotic pressures are listed for sucrose. The results 
which we obtained are given in table 2. 

The Osmotic Value at Incipient Plasmolysis. This quantity expresses 
the coneentration of the sap when the protoplast has slightly receded from 
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the cell wall in consequence of the contraction produced in it b.y exosmosis 
after having* been placed in a hypertonic sugar solution. When the value is 
expressed for a tissue it is understood that fifty per cent of the cells are in 
the state pf incipient plasmolysis. 

Normally the semipermeable protoplast is in contact with the cell wall, 
which is permeable. When the protoplast is distended by the hydrostatic 
pressure within, it usually presses against the cell W'all with sufficient force 
to distend the cell wall, providing the wall is not too rigid. If the internal 
pressure is relieved, not only does the protoplast contract but also the dis- 
tended wall. Evidently a rigid wall will not contract, nor Avill a plastic wall 
which is devoid of all elasticity. An elastic wall will contract to a degree 
commensurate with its degree of elasticity. Prom these considerations it 
becomes clear at once that the capacity of the mature cell does not differ 
much from its capacity in the state of plasmolysis if the wall is rigid because 
the protoplast leaves the wall as soon as it begins to contract. The plastic 
walls of young cells, such as those in the first and second zones of our plants, 
do not recede much because they lack elasticity. It follows that cells with 
elastic walls manifest a greater difference bet^veen On and Og than do cells 
with rigid walls or such cells that have plastie walls which are readily 
stretched beyond the limits of elasticity. Even though the value Og - On can 
give some indication of the nature of the wall, an exact expression cannot 
be expected because the capacities of the normal cells in the different zones 
are not eomparable. Our Og and On data approximately indicate that both 
the epidermis and the cortical tissues are most elastic in the third and fourth 
zones. 

In our present study the osmotic value at incipient plasmolysis is of little 
value in determining the physiological effects of growth in the various zones 
because of the excessive number of variables which are involved; this fact 
makes comparisons practically impossible. This does not, of course, mean 
that in general, all other things being equal, the Og variations cannot serve 
as indicators of the variation in the physiological activity of the protoplast 
in response to external factors. As Beck (4, 5) showed, the Og is appreciably 
affected by certain external factors which indicate a physiological reaction 
in the protoplast. 

The values which we obtained for the cortical tissue are consistently 
lower than those given hj Ruge for the- same tissue. The lack of light and 
relatively high humidity conditions which prevailed constantly in our 
experiments (but not in Ruge’s) tend to lower the Og, so that the order of 
our data is as might be expected. ^ 

Beck (5) showed that the tissues of herbaceous plants have lower Og 
values than do woody plants. The relatively low values which we obtained 
in the present experiments are in accord with this fact. The average values, 
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0.244 mol. for the epidermis and 0.354 mol. in the cortical region, are just 
what might be expected in tender sunflower seedlings grown under the given 
conditions. 

Og for the epidermis in zone 1 (0.28 mol.) is high compared with the value 
for zone 2 (0.25 mol.) . Many trials gave this liigh value consistently. The em- 
bryonic state of many of the cells of zone 1 account for this. In this zone the 
youngest cells plasmolyze with difficulty because the cell sap cavity is small 
and the water uptake in the embryonic and slightly developed cells is mostly 
due to the imbibition of the protoplasm itself. 

When an attempt is made to plasmolyze very young cells a plasmolyte 
of relatively high osmotic pressure must be employed to overcome the imbibi- 
tion of the protoplasm so that the value obtained for zone 1, which is an i 
average expression for the entire zone, includes the results obtained with 
embryonic cells which cannot have a true osmotic value and young cells 
having a small vacuole in which the protoplasm still has a high degree of 
imbition.^ Thus it is clear that the value (0.28 mol.) which was obtained 
by the methods which are legitimate for older cells, but not entirely reliable 
for very young cells, is naturally relatively high but involves forces that are 
non-osmotic in nature. The same may be said for the cortical cells in which | 
the Og for zone 1 was 0.407 mol. | 

The Og gradient in both the epidermal and cortical tissue is in the direc- 
tion of the movement of the water in^ the plant. The difference between the 
values of the oldest and youngest cortical cells is greater than the difference I 
for the corresponding epidermal cells (see table 2 and figure 3). It may be | 
thought that gradients similar to the one found in our seedlings must iieces- | 
sarily exist in all plants. It is, however, a fact that many authors give data I 
for various kinds of plants, where the Og gradient is not in the direction of 
the streaming of the water in the plant. The data as given by them are, no | 
doubt, correct and not difficult to understand when it is remembered that it 
is not the Og gradient which decides the direction in which the water shall 
flow, but the gradient of the suction tension of the cell (Szn). 

It must, furthermore, be remembered that it is not to be concluded from 
the data gwen in table 2 that the Og of the older tissues is lo^v because the 
normal influx of water was greater than the amount of solute which pvas pro- ‘ 
dueed during the process of cell development, because Beck (10) showed that 
in epidermal cells of strictly comparable plants the production of solute is 
directly proportional to the growth of the cells. Beck, Lonsing, and Andrus j 
(14) showed, in strictly comparable plants, that this is also true for the j 
cortical cells. It follows that the lower Og value in the older cells cannot be l 
ascribed to a lack of the production of solutes, but must rather be ascribed 

In this connection the experience of Weber (52) and Strugger (42) should be 
recalled. They proved that the viscosity and inabibition pressure is maximum in the young- 
est cells and decreases as the cells develop. 
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to the increased capacity of the older cells and the changed conditions of 

the cell wall, particularly its increased rigidity. 

Beck (5) showed in tests which he made on many plants that the 0^ of 
the epiclepnis is always lower than , the Og of tissues that lie within. Our 
figures are in accord with this fact. The difference between the Og values 
found for the cortical and epidermal tissues is greater in young zones than 
in mature zones (see figure 3). These results indicate that in general the 



Pig. 3. Differenee 'between the epidermal and cortical saj) concentrations : Og, 0,„ Oj, 
correlated with the age of the tissues. 

cortical cells can change their volume considerably more than the epidermal 
cells can during the process of plasmolysis, at least in the first five zones. 
This would indicate that the cortical tissue is a more dynamic tissue than is 
the epidermis. No doubt, the fact that relatively more solute is prodncednn 
the cortical tissue than is produced in the epidermis, is also a factor which 
must be borne in mind in comparing the Og values for the two tissues. As a 
matter of fact the thickness of the wall is greater in the older epidermal cells 
than it is in the older cortical cells. In this connection it is interesting to 
note that in zone 3 the hypocotyl takes on an opalescent appearance, while 
in zones 1 and 2 the general appearance is more waxlike. The opalescence is, 
no doubt, the result of the total reflection of light caused by the intercellular 
spaces of the cortical tissue that are formed, as the result of the hydrostatic 
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pressure of the individual, cylindrical coidieal cells, which are only in tan- 
gential contact. This may be taken as an indication of the dyiiamisni of the 
cortical tissue. 

Concentration of the Normal Cell Sap (On). This quantity’* expresses 
the concentration of the cell sap as it actually occurs in the plant at the 
time when the tests are made. It is symbolized by On and is expressed in 
molar concentration. It must not be confused with the osmotic value at in- 
cipient plasmolysis. This value can change rapidly in response to external 
factors without necessarily suffering a change in the amount of solute which 
is present. In the particular experiments under consideration such fluctua- 
tion in response to external factors did not occur, because all the plants 
employed were strictly comparable and the external factors which might 
influence the concentration of the sap were carefully controlled and were 
approximately constant. The results obtained are in table 2. 

The suction tension of the contents of the cell in the normal state (Sin) 
expresses the negative physical pressure which is caused by the osmotic 
virtue of the solutes contained in the cell sap. Like all other suction tensions 
it is expressed in atmospheres. The equivalent concentration is the osmotic 
value of the sap in the normal state, and is expressed in mols ; it is symbol- 
ized by On. Since both the concentration and the suction tension of the sap 
in the normal state are useful in the comparisons and discussions for the 
seven zones of the hypocotyl of Helianthus seedlings they have been 
arranged in table 3. 

TABLE 3. Suction Tension (Sin) and Equivalent Concentration of the Cell Sap i 
(On) in the Normal State for Kelianthus Seedlings. ' \ 


Zone 

Epidei^mis 

, Cortical 

Tab. 

Diff. of 

1 (Sin) 

(Sin) in I 
Atniosi)lieres 

(On) in 

Mol. 

(Sin) in 
Atinosplieres 

(On) in 
Mol. 

1 

7.3 

0.270 

11.35 

0.405 

4.05 

2 

6.64 

0.248 

11.14 

0.398 

4.50 

3 , i 

6.49 

0.243 

10.72 

0.384 

4.23 

4, 

6.14 

0.228 

9.52 

0.344 

3.38 

. 5 

6.05 

0.225 

9.37 

0.339 

3.32 

6 

6.08 

0.226 

8.47 

0.309 

2.39 

7 

. 6.08 

0.226 

8.02 

0.294 

1.94 


The normal suction tension of the cell as an entity (Sz^) is not given by 
the value SL because the wall pressure, and possibly some other vectors, tend 
to prevent an influx of water into the cell induced by the vector SL. Sin and 
Szn differ in scalar value but not in direction. The two quantities visually 
vary in the same way. 

The suction tension of the normal cell sap and the hydrostatic pressure 
produced by the influx of water into the cell sap cavity affect the state of, the 
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protoplasm. It is well known that the protoplasm of aging animal tissues 
loses water just as do hydrophilic colloids. In gels the time factor is espe- 
eially apparent. It cannot be concluded from this, however, that the cell sap 
of develo^^ing plant cells is the result of the aging of the protoplasm in these 
cells. The protoplasm of aging animal tissues increases in viscosity, but in 
the protoplasm of plant cells, which grow by cell enlargement, the viscosity 
decreases. For a review of the literature on this subject the reader is re- 
ferred to Strugger (42). Strugger proved conclusively and gave experimental 
evidence that the plasmatic characteristics are distributed in a regular man- 
ner in the form of a plasmatic gradient in leaves, roots, and shoots, and that 
these characteristics can be immediately correlated with the physiological 
zoning. The plasmatic differences of the cells in the process of enlargement 
consists in the significantly higher degree of viscosity of the protoplasm in 
the growing cells in comparison with viscosity of that of the mature cells 
(42 ; see also Weber, 48 ) . 

The production of solute must be regarded as an active physiological 
process concomitant with other growth phenomena induced by auxin. Beck 
(10) and Beck, Lonsing, and Andrus (14) showed that in developing cells 
of the hypocotyl of Helwithus seedlings the production of solute in growing 
cells is proportional to the growth. 

These findings indicate that the water which is available for the active 
protoplasm is of great importance for its optimum physiological activity. 
The amount of water which may be withdrawn from the protoplasm without 
serious injury is limited. An excessive supply of water, which may be re- 
garded as waterlogging, is not favorable for the physiological activity of the 
protoplasm, as was shown by Beck (11). The On represents the concentration 
of the cell sap which is in equilibrium with the active normal protoplasm. 

It follows from these considerations that a knowledge of the On should 
prove to be valuable, not only for our present purpose, but also for future 
comparisons and studies regarding the physiological activity of developing 
cells. 

Rapid variations of the On may not, however, be taken as indicators of 
physiological activities because changes in On due to external factors occur 
very quickl.y and are largely due to purely physical forces. In our experi- 
ments there were no such rapid changes either in the On or in the factors of 
the environment. 

Many of the data given in the literature for On (sometimes confused with 
the quantity Og) were obtained by cryoscopic methods. Such data must be 
recorded as average values for tissue complexes, organs, or entire plants, and 
are of little value in discussions regarding changes in the cells during their 
development. The data of Ursprung and Blum and of others who followed 
their lead in the study of osmotic quantities give Sin values for individual 
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cells and a^^e^ages for tissues obtained by ealeiilation from direct plasmolytic 
determinations. These data are better adapted for comparative studies. Our 
data, given in table 3, express the average value for the cortical and epi- 
dermal tissues ill the respective zones as indicated. Since they wer^e obtained 
by the plasmolytic methods according to the direction of Ursprung and 
Blum, and since the factors of the emdronment Avere eont rolled and all 
plants Avere strictly comparable, they can serve to indicate changes in the 
state of the grooving tissues. 

The Amines for On giAmn in table 3 are relatiAmly Ioav Avhen compared Avith 
values of similar tissues given in the literature for mature plants. This is 
not surprising because tlie young seedlings Avere grown in light sandy, moist, 
soil, and in air of high relatiAm humidity at optimum temperature. It is Avell 
knoAvn that external factors in general influence the 0„ and tlie Si,,. Air of 
loAV relative humidity, dry soils, and temperatures varying greatly from 
25° C tend to increase these quantities (4, 44). 

There is an almost regular but not sharp gradient extending from the 
oldest cells in the seventh, zone to the youngest in the first zone of the epi- 
dermis. A similar, but even sharper gradient is evident in the cortical tissue. 
Tlie Si,, gradients are, of course, similar to the 0„ gradients and tlie numeri- 
cal expression of the quantity in atmospheres makes the gradient more pro- 
nounced (7.3-6.08 atmos. and 11.35-8.02 atinos. respectively; see table 3). 
It cannot be concluded legitimately that such 0,, gradients in the floAV of 
AAmter in tlie xilant must necessarily exist because it is not the quantity Si,, but 
rather the quantity Sz,, AAdiich decides in Avhich direction the Avater aauII floAV. 

The values of Sin and 0,, are consistently higher in the cortical tissue 
tlian they are in the epidermal tissue. The differences are given in the last 
column of table 3 (see also figure 3). These differences shoAV clearly that 
there is an Si„ gradient and an 0,, gradient radially from the epidermis to 
the cortical tissue. These gradients must not be regarded as proofs that the 
Avater Avill necessarily move from the epidermis to the cortical tissue, since 
the Sin and 0,, differences are not satisfactory indicators of a difference of 
potential betAveen any tAvo cells or tissues. As stated above, it is the Sz,, 
gradient AAdiich is the deciding factor for the direction of the floAV of Avater. 
Other things being equal, hoAvever, the gradient as we find it favors a similar 
gradient for the suction tension of the cell Sz,, and tends to cause a floAV of 
Ava ter from the epidermis to the cortical tissue. These findings, therefore, are 
in harmony Avith the AueAV that the epidermis tends to serve as a AAmter reser- 
voir. In general the values obtained faAmr the notion that the Ava ter Aoaavs 
upAcard in both tissues and iiiAvard from the epidermis to the cortex. The 
difference betw^een the suction tension of the sap of the two tissues is eon- 
siderably greater in the youngest zone- (zone 1) than it is in the oldest zone 
(zone 7) ; 4.05 atmos.-l. 94 atmos. (see table 3). This great difference does not 
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imply that the difference is equally great for the suction tension of the two 
tissues. Later, attention will be drawn to the fact that the figures for the 
suction tension of the sap and the suction tension of the tissues are of the 
same ord^r, hut not of the same magnitude, and that the difference between 
the suction tension of the cortical tissues and the epidermal tissues of the 
youngest zones and of the oldest zones is actually considerably less (5.8 
atmos.--4.2 atmos. ; see table 4) than it is in the present case for the suction 
tensions of the sap in the same tissues. This indicates that the wall pressure 
in these two zones has changed considerably in the process of growth. 

The Concentration of the Sap When the Cell is Saturated with Water 
(Os). This quantity expresses the concentration of the sap when the cell 
has been permitted to take in all the water possible, while being immersed 
in water. It is symbolized by Og and is expressed in molar concentration. 

A considerable difference between On and Os would indicate that much 
wuter can be absorbed by the normal cell when thus immersed, i.e. the suc- 
tion tension of the cell is not rapidly reduced by the influx of water, or in 
other words a counter-pressure is not rapidly set up during the influx of 
w^'afer. From this it follows that under such conditions the cell w^all does not 
develop an appreciable wall pressure as the result of expansion by the hydro- 
static pressure. 

When the difference (On - Os) is not great it may be because the capacities 
of the cells are large and the plant in the normal state can take up water 
without considerable reduction of the concentration of the cell sap. In the 
present experiments the difference is small and the conditions are such that 
both tissues in the normal state are almost saturated. One may not use the 
difference On ~ Os as a basis of judgment regarding the elasticity of the cell 
walls wuthout risk of error. 

The results indicate that both the cortical and epidermal tissues are more 
plastic in the first and second zones and more rigid in the sixth and seventh. 

The differences between the concentrations of the sap in all three states 
becomes less with age. In the mature zones the differences between the con- 
centrations for the sap in the two tissues in the three states are all nearly 
the same (see figure 3) , This is, no doubt, due to the increased rigidity of the 
wall in both tissues. These differences of concentration in the two tissues are 
always least for the Os and greatest for the On. 

It should be remarked here that the value Sig is numerically equal to the 
wall pressure Ws, since the action and reaction are equal and opposite in 
direction when the gorged cell is in a state of equilibrium and the wall pres- 
sure upon the protoplast and vacuome prevents the further influx of water. 

Since the suction tension of the cell, as an entity (Sz,,) , is the result of 
the suction tension of the contents of the cell (a vector acting in one direc- 
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tion) and the wall pressure (an antagonistic vector), iuiportant conclusions 
regarding the nature of the wall in growing regions can be arrived at from 
a knowledge of this osmotic quantity for cells in various phases of growth. 
Physical changes in the growing cell wall produce definite effects upon the 
force which tends to cause water to flow into a cell, even though the wall 
itself is pervious to water and does not prevent the Avater system from being 
continuous from one cell sap cavity to another, through the membranes and 
the protoplasm itself. 

This quantit}^ (Szn) expresses the force per unit area Avith A\diich the cell 
as a AAdiole tends to draw water into itself, either from a direct source of 
Avater or from some neighboring cell AA^hich has less tension. It is not our 
purpose to determine at this time AA^hether the cell is active or passive in this 
process of Avater intake, but merely to determine the A^ector Amine which 
tends to produce a state of equilibrium. 

The numerical expression of this quantity (Szn) is a good indicator of 
the tendency of water to floAV in one or the other direction : from the environ- 
mental cells to a given cell or in the reverse direction. In the present study 
Ave are not considering the suction tension of individual cells but the average 
Szn of the cell complex in a section of a given tissue as determined by the 
simplified method of Ursprung (45). This average Amine aauII indicate the 
general direction of the floAV of Avater. 

The numerical expression of this quantity can be determined directly 
and can also be caleulated from the known osmotic pressure of the normal 
cell sap AAdiich is numerically identical with the suction tension of the sap in 
the normal state, and the knoAvn wall pressure which tends to press Aimter 
from the cell, according to the law of Ursprung as expressed in the equation : 

SZn = SU~Wn (1) 

in Avhich Szn is the suction tension of the cell ; Sin, the suction tension of the 
contents of the cell ; and Wn, the Avail pressure."^ 

In the present AAnrk the values for the epidermal and cortical tissues in 
various zones of the hypocotyl of Ilelianthus seedlings Avere determined 

4 Here no account is taken of vectors other than that of the wall pressure which 
tends to reduce the suction tension of the cell, such as the tension or x:)ressure of neighhor- 
ing tissues. The complete equation is: 

Sz„ = Si„- (W±A) (2) 

in which A represents the additional forces such as tissue tension, besides the wmll pressure 
which tends to increase or decrease the suction tension of tl).e cell. 

It would, of course, have been most desirable to have determined the term A, | 
particularly for the pressure produced by the epidermal tissue upon the cortical in the , 
normal hypoeotyi, but we were unable to devise a method to do so. In the interpretation | 
of the results this must be borne in mind that our results refer to the suction tension of an 
excised group of cells in which the counter-pressure of the epidermis upon the cortical [ 
tissue was necessarily disregarded. In spite of the difficulty of not being able to obtain | 
more than an approximation of the suction tension of the cells in the normal state, the 
data are very enlightening. 
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direetly and also by calculation, and the results have been recorded in 
table 4. The synibol Szn is employed to express this average value of tlie 
tissue even though it strictly refers to individual cells. In order to determine 
the suction tension direetly by experiments some authors keep the same test 
strip and place it in different concentrations of the plasniohde and note in 
^vliich concentration the strip maintains its original length. The osmotic 
l)ressure of that concentration is accepted as the suction tension of the 
sample. This method is satisfactory if the wall is elastic and is not stretched 
beyond the limits of elasticity. Since we have evidence that the walls of 
young cells of the hypocotyl in question are not elastic but plastic, it was not 
safe to employ this method. We therefore never carried a test strip from 
one concentration to another. A fresh sample was taken for every concentra- 
tion employed. After preliminary tests indicated the upper and lower limits 
of the Szn value, -with but slight variation, final tests were made in graded 
solutions, which did not vary much from each other and were within the 
limits found in the preliminary tests. The osmotic pressure of the coneentra- 
tion, in which the sizes of the cells did not vary from the original, was 
accepted as the Szn of the cells tested. 


TABLE 4. Suction Tension of the Cells (S^n) In the Epidermal and Cortical Tissues 
of Helianth us Seedlings. 


I (Sz„) in Atmospheres 

Diff. of (Szn) of the 
Tissues 

Zone 

Epidermis 

Cortical 

1 Exp. Data 

Cal. Data 

Exp. Data 

Cal. Data 

Exp. Data 

Cal. Data 

1 

5.3 ! 

5.17 

11.115 

11.093 

5.815 

5.923 

2 

5.2 

5.24 

10,930 

10.796 

5.730 

5.556 

3 

5.1 

5.17 

10.600 

10.583 

5.100 

5.413 

4 

4.9 

5.02 

9.40 

9.265 

4.50 

4,235 

5 

4.0 

3.92 

8.95 

9.015 

4.95 

5.095 

6 

3.7 

3.80 

8.20 

8.30 

4.50 , 

4.50 

7 

3.4 

3.68 

7.60 

7.630 

4.20 i 

3.95 


An Szn gradient in the direction of the flow of w-ater in a plant, as for 
example from the roots to the leaves, was long suspected and was finally 
proven, to exist by IIi, -sprung and Blum (43, 44, 47) and others. A study of 
the nature of the suction tension of the cells makes it evident that such a 
gradient must exist. If there was ever any doubt about it because of data 
obtained by eryoseopic methods, it is the result of confusing the quantities, 
suction tension of the contents of the cell (Sin), which is numerically identi- 
cal wutii the osmotic pressure of the normal cell sap, and the suction tension 
of the cell (Sz,,). An Si^ gradient in the direction of the flo\v of water in the 
idiint may exist in a given ihstanee as in our present experiments (see table 
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:]) but ill g'eiieral need not exist. An SZn gradient from tlie (d<]<^st t'clls the 
youngest in both tissues is evident and not sorprisiiig." 

In the epidermis the greatest variation from the average |k hen tin! tlif- 
ferenee is between zones 4 and 5 (0.9 atmos.). The greatest variation fi-oni 
tiie average potential differenee hi the cortical tissue occurs betwetm z<au^s d 
and 4, namely 1.2 atmos. These greater differenc(‘s must !)e interpreted t«s 
mean that either critical changes in the nature of tlie cell walls oi'cin* in the 
hypocotyl between 15 mm. and 25 mm. from tlie base of the cotyledons, or 
eiianges in solute production, or both. Apparently tlie changes occnr some- 
what earlier in the cortical tissue (third and fourth zones) tlian in the epi- 
dermis (from the fourth to the fifth zone). Since the amount of solute [iro- 
duction is proportional to the growth in both tissues (10, 14), it follows that 
the high potential difference must be due to cbanges in the wall, rather than 
to irregular solute production; and since the enlargement of cells is i-egular, 
these relatively sudden changes in suction tension can only be interpreted 
as due to changes in the wall pressure, and conseciuently changes in the 
nature of the wall. 

The difference between the suction tension of tlie epidermal and eortical 
tissues is considerable, the average being approximately 5 atmospheres. It 
is somewhat greater than the average in the youngest three zones and some- 
what less in the oldest four zones. If the physical pressure imposed upon 
the cortical tissue is disregarded, these figures would indicate that the water 
tends to flow from the epidermis to the cortical tissue, which is in harmony 
with the notion that the epidermal tissue serves as a water reservoir. The 
fact that the difference is less in the older zones and greater in the younger 
would seem to indicate that the flow of water from the epidermal tissue to 
the cortical tissue occurs more readily in the younger zones. It would thus 
appear that the young developing cortical cells, not far removed from the 
region of proliferation, can be quickly supplied with water from the older 
cortical cells and also from the epidermal cells of the same age. 

The high average difference between the two tissues must not be inter- 
preted to mean that the possible flow of water from the epidermis to the 
eortical tissue is necessarily great, because the nature of the Avails of the 
two tissues is not the same, and it is quite possible that a suffiideut resistance 
is offered by the walls to reduce the water current which is induced by the 
high potential difference of 5 atmospheres. If it Avere possible to determine 
the resistance of the Avail to the flow of water and incorporate it in the gen- 

Experimental evidence of the eorreetiiess of the interpretation, tiint is of the flow 
of sap as indicated by the gradient, was obtained by administering sugar solutions of 
slightly greater osmotic pressure than the recorded suction tension of the cells in tl\e 
uppermost zones, and it was noted that the hypocotyls wilted; the wilting being noted 
first directly above the soil, and then it progressed steadily to the uppermost zone. These 
facts indicate that the dow of water was reversed, passing from the upper zones to the 
next lower zones. 
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eral equation (2) as a part of the term A, the final potential difference 
between the two tissues would undoubtedly be less than 5 atmospheres. 

The average potential difference between the epidermal cells from zone 
to zone is only 0.3 atmosphere, whereas the difference from epidermal tissue 
to cortical tissue is approximately 5 atmospheres. This is rather surprising, 
since the potential difference vertically must be sufficient to cause the water 
to ascend against the force of gravity and also to overcome the resistance 
of the horizontal cell walls. It is difficult to see how the water could rise in 
the epidermal cells unless a wall resistance to the flow of water from the 
epidermis to the cortical tissue is assumed. This assumption would presup- 
pose that the nature of the vertical walls of the epidermal tissue is different 
from the horizontal walls of the epidermal cells. This assumption is not too 
bold in view of the fact that it is well known that cell walls do not grow much 
horizontally, but do grow vertically (17). We might then well assume that 
the vertical walls offer a great resistance to the flow of water, but the hori- 
zontal walls offer less resistance, so that the water flows more readily ver- 
tically into a given epidermal cell than it does from the same cell hori- 
zontally, in spite of the greater horizontal potential difference. It may 
further 'be assumed that the wall resistance to water flow from epidermal 
tissue to cortical tissue increases with the development of the cell wall, i.e. 
it is greatest in mature cells and least in young cells. In the older cells 
where, as was previously shown the difference between the Sin values for the 
two tissues is least and the wall resistance to water flow is probably peatest, 
there is not so great a tendency of water to flow from the epidermis to the 
cortical tissue in spite of the potential difference indicated by Szn differences 
(see table 4, col. 6, 7) as there is in the younger cells. 

THE WALL PRESSURE AND THE NATURE OP THE WALL 

The wall pressure is a vector which acts antagonistically to the hydro- 
static pressure and tends to diminish or to prevent entirely the influx of 
water into the cell sap cavity. I?7hen the cell is in the state of incipient plas- 
iirolysis its scalar value is evidently zero, but in the saturated state it is 
maximum, and it is equal to the hydrostatic pressure or to the osmotic pres- 
sure of the cell sap (Sis). Assuming that the increment of the wall pressure, 
from incipient plasmolysis to the saturated state, is proportional to the 
change in the volume of the cell, the wall pressure of the normal cell can be 
determined according to the equation : 

W -W X (3) 

in which Wn is the wall pressure in the normal state ; Ws, the wall pressure 
in the saturated state; (V„-Vg), the change in volume from the normal 
state to the state of incipient plasmolysis; and (Vs-Vg), the change in 
volume from the state of plasniolysis to the state of saturation. 
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the formula it is evident that the contraetiun and tlie exiaiiisiuii of 
tlie eeii wall are important factors which iniiuenct^ tlie value W,,. If thr 
wall is extensible it offers little resistance, so that Vg- Vg is relatively 
and the value of Wn is proportionately small; furthermore, umler this eondi- 
tion.the influx of water is relatively <?reat and the osmotit* pressure (wliieli 
is numerieally equal to W^) of the cell sap at saturation is (‘orrespoinliiiofy 
low, so that both factors tend to make relatively low when the walls are 
plastic and extensible. If the walls are not ])lastic, but elastie, be- 

comes less, Ws becomes gTeater and Wj, becomes greater in (ronse<jueiu.*e. 
The rate of increment will depend upon the coefficifuit of elasticity of the 
cell wall. A¥hen the walls are rigid, or only slightly elastic is small, 

and Wg not much different from Sig, i.e. relatively iugli. Iti cmisequenet* Vs,, 
is great and the rate of increment from zero to maximum is gr(*at. 

From these considerations it is evident that tlie values obtaiuetl for 
should indicate, to some extent at least, the nature of the cell wails in the 
various stages of cell development; but Wg depends also upoii the capacity 
of the cell and on the solnte produced during the eelhs growth, it may not 
be assumed that the variations of W„ give an exact expression of the varia- 
tions of the modulus of elasticity of the wall. 

In this connection it should be recalled that tlie discovery by I Jrsprung 
and Blum (47) that turgor was minimum in the zones of vigoi*ous growth 
created surprise only because the nature of the osmotic (piantities and the 
nature of growth by cell enlargement were so little understood at the time. 
Now that the osmotic relations are better understood and our knowledge of 
the structure of the cell wall in the various stages of the eelFs development 
has advanced their results appear to be as they should be, and the old and 
widely held view that cell enlargement is entirely due to the hydrostatic 
pressure from within is untenable. 

These facts must be borne in mind during the interpretation of our re- 
sults. While it cannot be claimed that the wall pressure gives quantitative 
expression of the plasticity, the rigidity, or the coefficient of elasticity, never- 
theless the results give some evidence of the condition of tlie wall in the 
various stages of the development of the ceil, and are not eontradictory to 
the known facts regarding it. 

Ursprung and Blum’s discovery of minimum turgor in the zone of maxi- 
mum growth gave the first experimental evidence that the wall must grow 
actively during the process of growth by cell enlargement. The reader is 
referred to the reviews of the literature on this subject by Prey-Wyssliiig 
(21) and by Anderson (1). Undoubtedly the bioehemieal regulator auxin 
induces the active growth of the cell wall, but with time it is becoming more 
evident tliat the material added to the wall is elaborated by the protoplast. 
Not only is the mass of the wall changed during growth but its nature also ; 
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the extensibility, the elasticity, and the rigidity are all modified. Heyn (28) 
and Soding (39) produced conclusive evidence that the changes in the na- 
ture of the cell wall are not, however, primary causes of growth. Gessner 
(23) also showed that a change in extensibility must be considered a phe- 
nomenon'of growth and not its cause. The data which we present are not 
intended to prove these facts, but they are in agreement with them and serve 
well to illustrate them. 

In table 5, the results obtained for Wn are given for the two tissues. Con- 
siderable experimental error was discovered in our data for the cortical 
tissue in the sixth zone and conditions prevented a repetition of the experi- 
ment so that the space for that value was left blank. 

In the examination of our data it must not be forgotten that although the 
hydrostatic pressure is not the cause of growth, it is, like the increment in 
the wall and the changes in the wall’s nature, a growth phenomenon. Unless 
solute were produced as cell enlargement proceeds the turgor could not well 
be maintained. As previously stated Beck, Lousing, and Andrus (10, 14) 
proved that the production of solute is proportional to the growth. The 
importance of the solute as a factor in the production of wall pressure is 
evident from the equation : 

Wn=Sin-Sz„ (1) 

in which Wn is the wall pressure ; Sin, the suction tension of the contents of 
the cell ; and Szn the suction tension of the cell as an entity. From a com- 
parison of the Sin values given in table 3, the Szn values given in table 4, and 
the W„ values given in table 5, it becomes evident that the relatively low Szn 
values for both tissues in the growing zones are undoubtedly determined by 
the changes in the nature of the wall rather than by changes in the rate of 
solute production. To make this more evident these different values have 
been plotted against the distance from the cotyledons (see figure 5). If the 
cell were not to change its volume and if the nature of the wall were to 
remain the same, the maximum (Szn) and the minimum turgor in the region 
of greatest growth could not be explained because the turgor should in that 
ease increase proportionately with the solute production. This, however, not 
being the case, the changes in the wall must be assumed actually to occur. 
The changes might be in the volume of the cell, or in the nature of the cell 
wall, or in both. 

In table 5, the normal wall pressure and the pressure of the saturated 
cell ai-e recorded. The normal wall pressure is given as derived from equa- 
tion (1) in which Szn was obtained by direct experiment and Si„ as previ- 
ously explained. It is also given as obtained by calculation according to 
equation (2). For both tissues the results obtained by the two methods are 
of the same order and of nearly the same value. 

The Ws is recorded only for the purpose of giving the quantities neces- 
sary for cheeking the results. As previously explained they represent the 
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osiiiotic pressure of tlie cell sap at the point of satiiratioii. Siiiee tlie iortn*s 
involved are not purely osmotic in the first zone and to some extent in the 
second, the actual is probably lower than the ret^orded value, >Sinee ’W,. 
is an implicit fuiietioii in equation (3) the value of tlie explicit fniuUioii W. 
must be too high for these two zones. The i*esults obtained hy equaticm (1) 
(in which Wg is not involved) can be considered as being obtained by direct 
experiment. They are aetnally soineAvhat lower tiiaii those (fi)tained !)y equa- 
tion (2). They are, nevertheless^ too great, becausi^ the values Sin ami Sz.; 
also involve non-osmotic forces in these two zones. AVe have no means of 
determining exactly how imieh lower tlie two values aidnally are, TIh^ fact 


TABLE 5. The Wall Treasure of the Developinff 'EpUlrrmal anil Corfira! {.V/Zx in 
the Mypoootyl of KeUanthus Seedlings in the Normal Slate (ir„) and in the Safnmled 
State (Ws)- 



(W„) 

(w.U 


Epidermis i 

Cortical 

Epidermis | 

C ’ortiea! 
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1 ^ 

2.0 

2.13 


0.235 

0.257 

7.24 

10.06 

2 

1.44 

1.4 


0.210 

0.344 

6.29 

10.00 

3 

1.39 ! 

1.22 


0.120 

! 0.137 

6.43 

9.46 

,4 

1.14 

1.12 


0.120 

0.255 

6.08 

8.47 

5 

2.05 

2.03 


0.42 

i 0.355 

5.93 

8.56 

6 

2.28 

2.18 


1 

i 


6.02 

8.26 ■, 

7 

2.58 ■ 1 

1 

2.4 


0.42 

0.390 

6.05 , 1 

7.72 


that we failed to obtain minimum turgor at the point of maximum rate of 
enlargement, i.e. 6.5 mm. from the base of the cotyledons or in the n])permost 
region of the second zone (10, 14), is, no doubt, due to the involvement of 
noil-osmotic forces. Our actual minimum occurred in the fourth zone. This is 
particularly interesting because previously Beck and Donnelly (13) estab- 
lished the fact that in strictly comparable plants a critical point occurs 
beyond wfiiich the cells respond with great difficulty to geotropie stimulation. 
The point is well defined and is located 25 nim. from the base of tlie cotyle- 
dons, or at the end of the fifth zone. Our results and those of Beck and Don- 
nelly clearly indicate that some critical change must occur in the nature of 
the cell Avails which is initiated in the fourth zone and is almost completed 
in the fifth. If it be assumed (and the assumption is in liarmony with our 
results) that beyond the fourth zone the cells become rigid, the reason for 
the sharp point of demareation is given. In tlie lowermost four zones Ihe 
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steady increment of the wall pressure is very evident; this is, no doubt, due 
to the increasing rigidity of the wall. This becomes more evident when it is 
borne in mind that it is precisely in this region that the ability of the 
cells to expand when gorged with water (see figure 2) and the change in 
concentra'tion of the sap from On to Os or 0,, - Os becomes less (see table 2). 
From these results and considerations it follows that if Ursprung’s state- 
ment, that the turgor is minimum when the growth rate is maximum, must 
be taken as strictly correct, it cannot be arrived at by purely plasmolytic . 
methods such as we employed. According to our data the minimum turgor 
does not occur in a sharply defined manner, so that low turgor extends 
through the second, third, and fourth zones. The actual minimum is in the 
fourth zone for the epidermis and in the third for the cortical tissue. 

The Modulus. The variations in the wall pressure indicated changes 
in the physical nature of the cell wall. It is desirable to express such changes 
in the variation of a modulus. This is, however, always difficult, if at all pos- 
sible. The volume modulus expresses the restoring force which is evoked by 
a given change in the mean distance between the molecules, the configuration 
remaining unchanged. The rigidity modulus measures the restoring force 
produced by a change in the relative position of the molecules without 
changing the mean distance. Ordinarily a cross between the two is employed 
for practical purposes, which is known as Young’s modulus. None, of these 
can easily be applied for the interpretation of our data. The data do, how- 
ever, peiunit us to express the strain produced by a given stress, and this is 
what the modulus essentially expresses. It is necessary in the expression of 
a modulus that the material be )iot strained beyond the limits of elasticity. 
Now, our data gave xinequivocal evidence that in the first and second zones 
the turgor stretches the walls beyond the limits of elasticity, so that the 
figures for these zones might well be questioned. Since it is difficult to verify 
if the walls have been stretched beyond the limits of elasticity, it is more re- 
liable to employ the figures obtained for the relative contraction rather than 
t, those for relative expansion. 

In figure 2 the relative expansion and contraction obtained in the various 
zones for the two tissues is given in graph form. The original sizes were 
determined while the specimen was immersed in paraffin oil. The expansion 
was obtained by permitting the cells to gorge themselves with water. The 
contraction Avas obtained by placing the specimen in the plasmolyte of the 
exact Og concentration. 

A study of figure 2 makes it evident that the cortical tissue expands more 
readily than does the epidermis. In the first four zones it also contracts more 
readily than the epidermis, but not so in the older zones. In harmony Avith 
the. conclusion arrived at from the study of the Avail pressures these graphs 
also indicate very evident changes which take place in the nature of the cell 
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walls, particular} y in the tliird and fourth zones, it wa> prcauspiy in thesc^ 
zones also wiiere ^Teat 'difficulty was experienced in the exact tieteriiriiiiit ions 
of the osmotic values by the method of averaji'es ami jrreat had to iir* 
exercised. It is now evident that the cells of the fourth zone are isi a m-iiical 
state and diffi(Milty in obtahiiug cousisteut results will be (‘xperiemod if om^ 
is not extremely careful to work the determinations exactly at tin* hnstlion 
■witliin tile limits indicated. 

fSince the cortical tissue expands readily iu the first thret* zones and also 
contracts to a fair extent (in fact more tlian in older zones'^# hut not neai'ly 
in the same degree as the expansion, it follows that this tissue is plastic iiiit 
possesses a slight degree of elasticity, and is practi(*Hlly non-rigid, in flu* first 
three zones. The epidermal tissue, however, loses in extiMisibility, but <loes 
not lose much in coiitractibility which Avould indicate that in tfm tii-st and 
second zones this tissue is plastic and is practically iion-elastic. The pHsticity 
of the first and second zones can also be detected by attempting to break tlic 
bypoeotyl in these regions. It breaks very easily under a bending oi‘ stretch- 
ing stress in these zones. Both tissues are therefore practically devoid of 
elasticity and rigidity in the younger zones. l>eyond the fourth zone the 
liypoeotyl is more tenacious and does not break readily under a bending 
stress or stretcdiing stress. . 

In table 6 moduli for the various zones are dediieed by the e(|riation: 

M. = j^ (4) 

IJn - Um 


in ^vliieh M is the modiilus; Wn, the normal wall pressurt.^ (stress); and 

^ — ^ , the change in length per unit length (strain) from tlie length at 

incipient plasmolysis to the normal length. 


TABLE 6. Modidi of the Cell Walls of the Hi/poeofol of II eVia tithes Seedluif/s. 
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In figure 4 the moduli for the two tissues are plotted against tlie distance 
from the base of the cotyledons. From this figure it at once becomes evident 
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tluit tli6 6pi(l6rniis in ^'6nci*3cil is 11101*0 ri^icl tlmii tliG coiticdl tissue Eiicl tliEt 
both tissues begin to become more rigid in the third zone and increase stead- 
ily in rigidity up to the maximum in the mature cells. The results are in 
harmony with the notions that the epidermis is mainly a protective tissue 
and can serve as a reservoir of water and that the cortical tissue is a dynamic 
one and readily takes up and gives off watei particulaily in the younger 

zones. 



Pig. 4. Moduli of the cell walls of tlic hypocotyl of Jlclianthiis seedlings plotted 
^ against the age of the cells, 

SUMMARY AND CONCLUSIONS 

A diagram of the seedlings was made to give the dimensions and show the 
zones in ^vhich the osmotic quantities of the epidermis and cortex were deter- 
mined. The youngest cells, that is, those of the first and second zones, con- 
tained carotinoid pigment but no chlorophyll. These pigments may form a 
part of the respmatory mechanism and influence the production of auxin. 

The determinations of the sizes of the cells proved that they grow by 
enlargement in the characteristic manner, the maximum rate being at the 
point 6.5 mm. from the base of the cotyledons, i.e. in the uppermost region 
of the second zone. The region of cell proliferation does not extend much 


15)43 ;r 


BECK AND ANDRUS: OSMOTIC QUANTITIES 


593 , 


beyond 1 iiiiii. from t,iie base of the cotyledons, i.e. the uppermost rcKioii of 
the first zone. Tlie active growth of the walls by intussiisi-eptioii is ii fact. 
Turgor is not the source, or at least not the sole source of energy which cinise^^ 
cell tuilargement. The active gi*owth of the wall explains why the niininiuin 
turgor exists in the region of maximum growth. The transverse'cel! walls 
do .not increase .their mass appreciably but the lateral walls do. The active 
growth of the lateral walls, their plastic condition, the higli siictic.m tension, 
and low turgor in the young cells, explain the fact that the hypocotyl is less 
in diameter in the first zone (see figure 1). Solute is prodnccil in ])i*o|)ortioii 
to cell enlargement. The cell sap cavity is small and the forces resemlding 
osmotic forces are really non-osmotie in nature. 

The following parallel gradients were establish e<l : 

1) The plasmatic gradient; maximum viscosity being in tlie yuung(‘st cells. 

2) Swelling gradient; greatest swelling power being in tlie protoplasm young 
cells. 

3) Electrical potential gradient; the greatest ])otential being in young cells. 

4) Suction tension gradient; maximum suction tension being in tie actively growing 
regions. 

There are radial gradients: the eoneentratioii of the sap increases from 
the epidermis to the cortex; the 0^ and Sz„ gradients are similar to the Sin 
gradient. 

The walls of the very young cells are plastic and extensible, while the 
older ones are less plastic and more elastic, and the mature ones are slightly 
elastic and almost rigid or non-extensible. All of these effects ai^e probably 
the result of the activity of the protopfiasm which is infliienced by the auxin. 
The auxin need not necessarily be conducted to the jirotoplasm but may 
exercise its effects inductively in a physico-cliemieal manner comparable to 
the manner in which evocators are supposed to operate in animal tissues. 
It is probable that the chromatin of the young proliferating cells is involved 
in the process of growTh by cell enlargement. The walls of the cortical cells 
are more extensible than those of the epidermal cells. They are able to con- 
tract more than those of the epidermal cells while young, that is, in the 
uppermost three zones. The walM of the cortical eells are always less rigid 
than those of the epidermal cells (see figure 4). A critical change begins to 
manifest itself in the nature of the walls in the third zone, but it does not 
create an appreciable change in the normal wall pressure until later, i.e, in 
the fourth zone (see figures 4, 5) where the rate of change is marked. This 
change explains the critical point at which quick response to geotropie stimu- 
lation ceases, namely 25 mm. from the base of the cotyledons. The eoncentra- 
tion of the cell sap is maximum when the size of the cell is minimum, and 
vice versa. This may not be explained on the basis of increased capacity of 
the cell alone, because the production of sohite is in proportion to the growth. 
Og, On, and Os are consistently higher in the cortex (see table 2) but the 
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difference becomes smaller with the age of the cell. In the mature zones the 
difference is slight (see figure 3). 

The suction tension of the cell as an entity is maximum in the youngest 
zones and minimum in the mature, so that a gradient in the direction of the 
flow of water is established. A similar gradient exists from the epidermis 
to the tissues that lie within. The greatest potential difference between the 
tissues exists in the youngest cells and it is least in the mature ceils. If the 
resistance which the walls offer to the current strength of the waterflow is 
disregarded, it appears that the water can flow upward in the epidermis 
and inward to the cortex. It is probable that the older cell walls offer con- 
siderably more resistance to the current than do the young cell walls, so that 
the inward flow is probably considerably less in the older cells than in the 
younger ones. 

Thii^maximum potential difference in suction tension between cells of the 
same tissue is between the fourth and fifth zones for the epidermis, and the 
third and fourth for the cortical tissue. This can be explained by the criti- 
cal changes which take place in the walls of the cells in the respective regions. 

The results recorded for the wall pressure give evidence of the changes 
in the physical nature of the wall during the process of cell enlargement. 
The results for the turgor are in general agreement with the claims of 
Ursprung and Blum that it is minimum in the region of active growth. The 
minimum is not exactly at the point where the rate of enlargement is maxi- 
mum (6.5 nim. from the base of the cotyledons) but in the fourth zone where 
the critical changes in the physical nature of the wall occurs, and where the 
quick response to geotropic stimulation ceases. The turgor is maximum in 
the mature cells, where the walls are rigid. 

In figure 5 the sizes of the cells (Ln) and the values of the osmotic quanti- 
ties which are of chief interest, namely, the wall pressure (Wn), the suction 
tension of the normal cell sap (Sin), and the suction tension of the cell (Szn) 
were plotted against the age of the cells, to give a summary view of their 
relationships during the process of enlargement. 

A summary of the conditions of the cells and the osmotic quantities in 
the various zones (see figure 1) can be given as follows : 

Zone 1. The diameter of the hypocotyl is minimum. The cells contain 
carotinoid pigment which might form a part of the respiratory mechanism. 
The uppermost region, approximately 1 mm. in length is the region of cell 
proliferation ; the cells are compressed in appearance, show mitotic figures 
and lack a cell sap cavity. In the remaining part of the zone the cells fail to 
divide and begin to enlarge. The protoplasm of the cells is of maximum vis- 
cosity as is its swelling power, and its electrical charge. The cell wall is more 
intimately united with the protoplasm than in the succeeding zones, and 
plasmolysis is more difficult and takes a longer time. The walls are plastic 
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ticiilaiiy in the lowermost part of the zone, where a bending or akretehing 
stress tends to break the hypocotyl Jess readily. 

Zom 3. The protoplast and osmotic quantities change according to the 
described gradients. The rigidity of the cell walls is negligible, but there are 
indications of definite increment in rigidity which comes to clear expression 
in the fourth zone (see figure 4) where it manifests its infl^nence on the wall 
pressure and the suction tension (see figure 5). The Szn potential difference 
is maximum for the epidermis in this zone. 

Zone 4. Critical changes in the nature of the wall manifest their effects 
in this zone ; they act disturbingly in the process of determining the osmotic 
quantities so that unusual care is necessary in the work. The critical point 
where the response to the geotropic stimulation fails to follow quickly is in 
this zone. The walls are no longer plastic, but are somewhat elastic. The Szn 
potential difference is maximum for the cortical tissue. 

Zone 0 , The elasticity of the walls decreases and the rigidity increases. 
The rate of increase is greater in the epidermis than it is in the cortical 
tissue (see figure 4). 

Zone 6. The cells are almost mature. The cell walls are only slightly 
elastic and more rigid. 

Zone 7, The cells are of maximum size, and the amount of solute present 
is also maximum. The wall pressure, turgor, and rigidity of the wall are 
maximum, but the concentration of the sap (On) and the suction tension of 
the cell (Szn) are minimum. The walls are hardly extensible, only slightly 
elastic, and the degree of rigidity is high, particularly in the epidermis (see 
figures 4, 5). 
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A NEW CONSTITUENT IN WHEAT GERM OIL 
H. H. BuNZEiiL » 

111 the course of our study of the vitamius present iu wheat » 4 *eriu oil we 
found that wheat g'erni oil has a stimulating effect on tiu" acticui of potato 
tyrosinase. This is true whether we use w’heat germ oil extracted in the labo- 
ratory witli ether and petroleum ether, or commendal wheat genu oil pressed 
(Abbott’s Medicinal Wheat Germ Oil), or wiieat germ oil extraeted by 
ethylene dichloride (VioBin Corporation). 

This phenomenon seems significant because of the various physiologitud 
functions with which, according to recent wnrk, the copiier enzyme, tyrosi- 
nase, seems to be concerned. Perhaps the most outstanding of these rnation- 
ships is the destruetive effect of tyrosinase on the vaso constrictor substance 
— hypertensin (8) and the oxidation of estrogens and their complete in- 
activation (9). 

TECHNIQUE 

The methods used were based on work described in earlier articles (2; 3). 
The simplified catox apparatus used in these experiments is sliowu in figure 
1/ and has been described before (4, 7). The constant temperature chamber 
has also been described elsewhere (7). 

The potato juice was pressed out by hand from ground peelings and was 
diluted with four volumes of water. In this dilution the tyrosinase activity 
was 0.101-0.166 Bunzell units (2, p. 40). The oxidase reagent used in this 
expcnhment was pure p-eresol. The reason for the choice of p-eresol in this 
coimeetion was two-fold: one is that the mechanism of the oxidation of 
p-eresol by tyrosinase has been exhaustively studied by Nelson and collabo- 
rators (1) . The other reason is that our work on the oxidases of ])ota,to tubers 
show-ed that p-eresol oxidation is influenced more than that of any otiier 
seventeen reagents used (5, 6). 

All experiments were carried out in the presence of a phosphate buffer, 
pH 7. In control experiments a highly refined Eussian mineral oil was used 
in place of wdieat germ oil. In the effective experiment, dilution of the wiieat 
germ oil when required was made with the same mineral oil. 

PKQGEDURE 

Of the three compartments of the catox apparatus, the middie one was 
not used in these experiments. It served a useful purpose in assuring separa- 
tion before deliberate mixing of materials placed in compartments 1 and 3. 
The following typical experiments will show the disposition of tlie materials ; 

1 Tlie plate for figure 1 was furnished by the autlxor. 

m ■ 




BULLETIN OF THE TORREY CLUB 


Experhiient 1 

In eonipartmeiit No. 1: 1 ce. 20% potato 
jiiiee. 

In' compartment No. 3 : 0.022 g. p-eresol, 
0.5 cc. buffer sol., 0.5 cc. Bus. min. oil. 


Experiment 2 

111 compartment No. 1: 1 ce. 20% potato 
juice. 

Ill compartment No. 3: 0.022 g. p-eresol, 
0,5 cc, buffer sol., 0.0387 g. tocoplierol in 
0.5 cc. Bus. min. oil. 


The constant temperature chamber was maintained at 35° C. The air 
vents (No. 7 in fig. 1) remained open until the temperature became adjusted, 
which required a little over a half an hour. The vents were then dosed by 
turning the manometer (No. 5 in fig. 1) through 90° by inserting the hand 
through the trapdoor on top of the constant temperature box and begimiing 
shaking, thereby mixing the components and initiating the reaction. 

Bate of shaking was 140 excursions per minute ; extent of excursion was 
5.5 cm. 

% n 


EXPERIMENTAL WORK 

Readings were made as a rule at intervals of ten minutes and the experi- 
ments were of twenty-five to thirty minutes duration. For purposes of illus- 
tration a typical set of experiments is given in table 1. The data correspond 
to the conditions outlined under experiments 1 and 2 above. 

Comparison of the final result obtained in experiment 2 with that ob- 
tained ill experiment 1 shows an increase of 48%, due to the tocopherol 
preparation used. Throughout this paper only the last reading obtained at 
the end of twenty-five or thirty minutes will be used for comparison. 

The selection of the proper quantify of p-cresol is important, because of 
its destructive effect on the tyrosinase w^hen used above certain coneentra- 
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TABLE 1. The efeet of tocopherol on pohiti> iprosinnsi 


: . Reaciiiigs 

Time in min. ' . _ 

Exp. 1 Exp. 2 

Control . . Toeo]i!ierol 

0 

10 
20 
25 


tions. For example, it was found that 0.0185 g. p-eresol used in an ex|)eri- 
ment gave a final reading of 14.0, while twice that ainount, O.O'ITO g., re- 
sulted in complete inhibition, presumably due to the destruction, of the 
tyrosinase. We found it most satisfactory to use 0.022 g. p-cresol in ei^*l\ ex- 
periment, this being an innocuous amount and also easily measured'' in om* 
calibrated micropipette. 

Many experiments were performed, varying concentrations of the com- 
ponents of the system and also changing the physical conditions. Table 2 
summarizes typical data. They are representative of all results obtained. 

TABLE 2. The effect of wheat germ oil on potato tyrosinase 



Final reading 

Increase due 

Control 

Addition ^ ^ 

to addition 

0.5 cc. wheat germ, oil (made in this laboratory by 
extraction with ether and petroleum ether) 

13.2 

18.0 

36.4% 

0.5 cc. ditto 

8.4 

12.2 

45,2% 

0.5 cc. ditto 

5,6 

9.5 

69.8% 

0.5 cc. wheat germ oil (Abbott) x->i’essed 

13.6 

18.55 

36.4% 

0.25 cc. ditto 

12.05 

16.1 

33.6% 

0.05 ce. ditto 

13.4 

■■ 17.5 

30.6% 

0.005 ee. ditto 

11.45 

13.85 

21.0% 

U.0005 ce. ditto 

13.7 

13.85 

Insignificant 

0.5 cc. wheat germ oil (VioBin Gorx>oration) extracted 

8.65 

11.75^ 

35.8% 

0.05 cc. d-itto 

9.85 

12.15 

23.3% 

0.005 cc. ditto 

8.9 

10.6 

19.1% 


All three kinds of wheat germ oil, even if used in only 1% solution 
(equivalent to 0.005 cc.), produced an increase in the rate of tyrosinase ac- 
tivity. Each set of results in table 2 represents a series of experiments carried 
out with fresh potato juice. There is considerable variation in the activity of 
the juice, since no attempt was made to use peelings of uniform thickness. 
This also explains why data showdng an ‘‘increase’' lack mathematieal uni- 
formity. Their significance is largely qualitative. 


0.0 

0.0 

4.9 

8.2 

10.0 

14.8 

12.3 

18.2 


#1 
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111 all of the experiments here summarized, as well as all others tried, the 
increase in tyrosinase activity was accompanied by a difference in color. This 
was not observed where the difference between the control and ''addition” 
experiments was insignificant (table 2, line 8). The reaction mixture of the 
control experiments was dark brown ; that of the addition experiments, brick 
red. The dark red color could be extracted with methyl alcohol, indicating 
the presence of OH groups. Ether or chloroform extracts were colorless. 
The brick red color in the "addition” experiments was not soluble in 
alcohol, but gave a bright yellow solution with ether or chloroform. The 
bright yellow color of the extracts would indicate the presence of quinoid 
groups. There is every indication that in the stimulation experiments, there 
is not only a speeding up of the reaction, but also the formation of a different 
oxidation product. 

"VV^eat germ oil contains, besides the vitamins of the E complex, vitamin 
A. To cletermine whether the vitamin A content of the wheat germ oil is 
related to the effect here described, we evaluated the vitamin A content of 
the VioBin wheat germ oil in terms of White’s vitamin A preparation. The 
latter contained 108,100 U.S.P. units per gram. The comparison was made in 
a "Lumetron” electrical colorimeter using isopropyl alcohol as a solvent. 
It was found that a 10% solution of VioBin oil would contain per gram the 
e([iiivalent of 0.00195 g. of the vitamin A oil used for comparison. This 
corresponds to a 0.2% solution of the comparison preparation. Table 3 shows 
results obtained at the end of thirty minutes. Experiments 1 and 3 are 
controls containing 0.022 g. p-cresol, 0.5 cc. -water, 1 cc. 20% potato jui«e, 
and 0.5 cc. cotton seed oil. Experiments 2 and 4 contained the same reagents, 
except that the cotton seed oil wms replaced by an equal amount of a 0.2% 
solution of vitamin A oil (White) in cotton seed oil. The amount of vitamin 
A in experiments 2 and 4 would equal that contained in the same volume of 
10% VioBin wheat germ oil solution in cotton seed oil. 

TABLE 3. The effect of vitamin A on potato tyroHinase 


Experiment 12 3 4 

Final reading 124 12.0 12.5 11.8 


Comparing the average of 1 and 3, i.e., 12.45, with the average of 2 and 4, 
i.e., 11.9, we find that no increase is brought about by the vitamin A. This 
result is corroborated by the lack of any difference in coloration in the ulti- 
mate mixtures. 

The next most obvious thoughi is that a tocopherol might be responsible 
■for the effect. We secured a pure d^l a tocopherol from Merck and Company. 
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Tlie material, was weighed directly into the eatos apparatus. Ri\siilts are 
shown in table 4. 

TABLE 4, The effect of dj, a tocopherol on potato Ipronina.st 
. In each trial the following substances were used: 0.022 g. p-crenol, 0.5 ce. buffer, 1. ee. 
20% potato juice, and Bussiaii mineral oil and ifl a tocopherol as iiidit*ated W\o\v, 


Experiment 

1 

2 

3 


Control 

0.0045 g. d,l a tocopherol 0.0071 g. d,l a toco|}!ieroi 


0.5 ec. Bus. min. oil 

in 0.5 ce. Bus. min. oil 

in 0.5 ec. Riis. win. oil 

Final reading 

14.95 

14.8 

14,7 

Experiment 

4 

5 

0 


Control 

0.0114 g. d,l a tocopherol 0.0195 g. dj a tocopherol 


0.5 cc. Bus, min. oil 

in 0.5 ec. Bus. min. oil 

in 0,5 cc. Bus. min. oil 

Pinal reading 

1 — 1 

14.3 

13.8 

/H ■ 



Eesiilts given in table 4 show that d.l a tocopherol (]Merck) does not 
stimulate the action of tyrosinase. These results are corroborated by the fact 
that ill both sets there was no difference in the color of the final reaction 
mixtures when the controls were compared with the corresponding tocoph- 
erol experiments. The color in all cases was dark brown. 

We next tried a preparation of a, (3, and y tocopherol (Abbott Labora- 
tories). This is made by the distillation of certain vegetable oils and contains 
25% of a mixture of the three tocopherols. We have been unable to learn 
anything about the nature of the vegetable oils used besides wheat germ oil, 
nor have we been able to establish the relative amounts of a, [3, and y 
tocopherol in the mixture. Kesults are given in table 5. 

TABLE 5. The effect of a, P, 7 tocopherol on potato tyrosinase 

111 each trial the following substances were used: 0.022 g, p-cresol, 0.5 cc. buffer, 1 ce. 
20% potato juice, and Russian mineral oil and a, P, y tocopherol as indicated below. 


Experiment 

1 

2 

3 


Control 

0.0335 g. a, p, Y tocoph- 

0.0387 g. a, P, Y tocoph- 


0.5 cc. Bus. min. oil 

erol in 0.5 ec. Bus. 
min. oil 

erol in 0.5 cc. Bus. 
mill, oil 

Final rea ding 

12.3 

16.7 

18.2 


The a, 3? Y tocopherol preparation furnished by Abbott produced a ]n*o- 
nouueed increase in the tyrosinase activity. In experiment 2 (table 5) the 
increase was 25%, in experiment 3, 47.9% ; the color in the control -was the 
usual dark brown, while in the tocopherol experiments the color of the final 
reaction mixtures was brick red. 


1 
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CONCLUSIONS 

There is in wheat germ oil a constituent which speeds up the tyrosinase 
oxidation of p-cresoL This effect is not produced by the vitamin A in the 
oil or by the alpha tocopherol. It may be produced by beta or gainma 
tocopherol or by some other constituent of wheat germ oil. Owing to the 
extremely small eoncentration of vitamin K in wheat germ we are not in- 
clined to attribute the effect to K. This point however, is being investigated 
in this laboratory. 

Under the influence of the substance studied a different oxidation prod- 
uct is formed. This appears to be of quinoid character. It is possible that, in 
normal tyrosinase oxidation of p-cresol, the unstable hydroxy quinone 
formed as the third stage of the oxidation spontaneously disappears, while 
in the presence of the new component, it combines with it and thus becomes 
stabilju^d (10, pp. 198, 199). 

Bunzell Laboratories 
New York 
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CROSSING-OVER AND SECOND DIVISION SEGREGATION 

IN FUNGI 

Francis J\ Eyan 

111 some fungi tlie segregation of genetic factors ('an he (hnenniiHMl by 
the linear order in which different phenotyp(‘s are distri}nit(Ml aimarg tlu‘ 
''sexual” spores. When two mutant characters are found in the ord(*r A A 
a a the best interpretation is that the allel(:‘s responsibh‘ foi* them have 

rated in the first meiotie division. On the other luuul when the arrainremt.ait 

° ' s 

is A a A a or A a a A they have separated in the second divisio!i (Dodge 
1927; Wilcox 1928). Such second division segregations liave Ixani explained 
by many mycologists in terms of a disjunction of homologous chronylsomes 
durmg the second meiotie division. Dodge (1940) has shown, lioweviu', that 
in many cases there is an equally possible alternative explanation whicii in- 
volves the more modern but now classical notions of first division disjunction 
and crossing-over. Despite Dodge’s suggestion, there are two studies on in- 
heritance in ascomycetes which apparently eonfirm with gimetic data the old 
mycologieal point of view. Both Wiilker (1935) and Zickler (1934), who are 
aware of the view now prevalent among geneticists that alleles may be re- 
duced (separated) in either the first or second meiotie division, contend that 
second division disjunction of homologous spindle fiber attachments or 
kinetochores (centromeres) must also be invoked to explain their expend- 
ments with N euro^)orci and Bonihardia respectively. This of course implies 
that each kinetochore is divided in the first division, an unprecedented ha]>- 
pening in the normal meiosis of other organisms. To date no ade(piate refuta- 
tion based upon an analysis of their extensive data has been made. 

Zickler was fortunate in being able to determine certain genotypes among 
his ascospores without dissection and germination because some of the genes 
with which he dealt affected the color of the ascospores themselv(‘s as well as 
the niycelia they produced. In a cross of the viridis and lacfca mutants the 
arrangement of greenish and colorless spores in the intact ascus showed that 
second division segregation took place in 66.4 per cent of 2355 asci. This, 
Zickler pointed out, would occur if the separation of the four chromatids 
into pairs in the first meiotie division occurred at random. That is, eadi chro- 
matid has an equal chance to associate with each of three others. 8ince only 
one of the others is a sister chromatid Avhile two are non-sisters, first division 
segregation (association of sister chromatids) occurs half as fre(iuently as 
second division segregation (association of non-sister chromatids). 

1 Wiilker believes tlie ratio would be 1: 1 instead of 2:1 if the separation into pairs 
were random. His error lies in the fact that he eousidered only separations along tin* e(iiui- 
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If Ziekler’s interpretation is correct then aW factors, irrespective of their 
location on the chromosome, should show second division segregation in two 
thirds of the cases. 

In a cross oi viridis and ruMgmosa inntants, however, 8204 asci contain- 
ing greenkh and reddish spores showed 64 per cent second division segrega- 
tion. Zickler himself ealeiilated that this percentage was significantly differ- 
ent from 66.7 per cent by statistical test. In an attempt to explain this dis- 
crepancy he concliided that something (extenial) must have influenced the 
random separation of the individual chromosomes or suppressed their longi- 
tudinal split. 

Zi(^kler may be correct in assuming that some uncontrolled (although 
perhaps genetic) variable is influencing the number of second division segre- 
gations. For viridis, rubiginosa and lactea are multiple alleles and, although 
he do^ not believe so, they would be expected to show the same percentage 
second flivision segregation. Nevertheless, the task at hand is to determine 
whether a second division disjunction is the necessary interpretation of these 
data. 

The problem can be approached by an analysis similar to that which 
Ijindegren (1933) used in his studies on Neurospora, Since color is linked 
with sex in Bomhardia the percentage of new combinations of the two factors 
can be calculated and compared with the sum of one half of the percentages 
of second division segregation of these factors. (The percentages are halved 
in order to obtain values comparable to those secured in. Drosophila where 
only one half of all cases of crossing.-over are observed since only one of the 
four chromatids is recovered.) In the case of a first division disjunction with 
a single crossing-over these values are equal. For example, if we assume 
crossing-over to occur in all asci as outlined in figure 1, the genotypes re- 
covered in the haploid spores would be AB, aB, Ab, and ab. Thus, there are 
50 per (fcnt new combinations. Second division segregation of A from a 
(A a A a) would occur in 100 per cent of the cases and this divided in half 
is 50. Here segregation of B from b in the second division (B b B b) never 
occurs and so the final value based on second division segregation is 50. This 
is exactly the same as that calculated on the basis of new combinations. When 
we assume crossing-over to occur only in some cases the values are smaller 
but still remain equal — ^each crossing-over results in a second division segre- 
gation so that two of four chromatids have new combinations of genes. From 
an agreement of this sort in Neurospora, Lindegren correctly concluded not 
only that there was crossing-over in the four strand stage but that homolo- 
gous kinetodiores separated in the first division. 


tioiial or reductionnl splits and failed to consider diagonal aggregations across both of 
these planes. 
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On the other hand, if it were ^’ranted that there is a i-aiidoin assorliiieiit 
of the four chroinatids during' meiosis as well as erossing-ovta*, an liypoliit'Kis 
which Zickler considered, then the above comparison yit‘lds very different 
results (fig:. 2). Here the genotypes reeovered and their ordei* wohJ«I be: 


AB 


Al> 

a b z: 

33.3% 

AB 

ab 

aB 

Ab = 

33.3% 

AB 

Ab 

aB 

ab = 

33.3% 


100 . 0 % 

50 per cent of these are new combinations. However, since there is 66.7 per 
cent second division segregation of both A and B a value of 66.7 is obtaifual 
which is quite different from the value based on new eombinations. If one 



B b. B B b b B B b b 





B b B b B 8 b b b B b B 

B 



Fig. 1. Orthodox behavior of chromatids during the first ineiotic division involving 
crossing-over and first divivsion disjunction of homologous kinetochores (1). The kineto- 
chores split in the second division. FiG. 2. Hypothetical behavior of chromatids during 
the first meiotic division assuming crossing-over and random segregation of kinetochores 
which split in the first division. FiG, 3. Double crossing-over with first division disjunc- 
tion of homologous kinetochores which results in old and ]iew comhinations and second 
division segregation of genetic f actors. 
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assumes that the attraction of sister chromatids is somewhat greater than 
that between non-sisters then there is a closer correspondence of values cal- 
culated b,y the two methods. The values eventually coincide when sister at- 
traction is complete but this situation is identical with, first division disjunc- 
tion of kinetochores discussed in the paragraph above. 

If we assume crossing-over to occur only in some cases the value of 66.7 
is still obtained from second division segregations just as it was when we 
assumed either that there was no crossing-over or that crossing-over occurred 
in all of the cases. However, the value obtained from new combinations de- 
creases in proportion to the decrease in percentage of crossing-over and in 
this way the discrepancy between the two values increases. 

Thus a method seems available for determining whether a second division 
segregation is the result of a first or a second division disjunction of homolo- 
gous ®|ietoehores. 

The only evidence which Zickler gives that could be put to this test is in a 
footnote. Here he states that there were only 37.1 per cent new combinations 
of color and sex in the ruMginosa,-vmdis cross. Zickler found 57,7 per cent- 
second division segregation of color and 62.7 per cent second division segre- 
gation of sex. These divided in half are arbitrary measures of the map dis- 
tance of the loci from the kinetochores. Therefore 28.9 and 31.4 may be either 
added or subtracted according to whether the color and sex loci are on the 
same or opposite sides of the kinetochore. Since neither of the resultant 
values of 60.2 or 2.5 correspond with the map distance calculated from new 
combinations, Zickler concludes that crossing-over cannot explain the fre- 
quency of first and second division segregations. 

Stripped to its essence, however, this lack of correspondence simply 
means either that all the second division segregations of ruhiginosa from 
viridiH did not result in new combinations with sex (60.2 compared with 
37.1) or that all the ne'w combinations were not the result of second division 
segregations (37.1 compared with 2.5). This is exactly what could be ex- 
pected if double crossovers had occurred (fig. 3). Such crossovers can yield 
both new and old combinations and yet the result is alw^ays second division 
segregation. If we assume for the time being that the four possible types of 
double crossing-over occur in equal proportions then the following genotypes 
are obtained in the order showm : 


Zickler consistently foniid a smaller percentage of second division segregations of 
virhUa from ruhiginosa wlieii lie dissected and germinated aseospores than he found by 
direct count in the aseus. Eor example, in this experiment he found 57.7 i)er cent com- 
•i)ared with 64.0 per cent^ — an even greater deviation from the 66.7 per cent predicted on 
the basis of random segregation of kinetochores. The discrepancy between results ob- 
tained })y differemt types of analyses he likewise attributes to environmental influence. 



^ KYANV CROSSING-OVER , 609 

I 


AB 

ab 

AB 

ab = 25% 

Ab 

aB 

Ab 

aB= 25% 

Ab 

aB 

AB 

ab = 25% 

AB 

ab 

Ab 

aB= 25% 

100% 


Tliere are 50 per cent new combinations. But tliere are 100 per cent sei-oiul 
division segTegations of both A and B so that a value of 100 is olitaiued to 
compare with 50. It is obvious there is a discrepancy resembliiig that be- 
tween the values of 37.1 from recombinations and 60.2 from second <!i vision 
segregations obtained in the viridis-ruhigmosa cross. (The value 2.5 will 
not be considered because it may not be significantly ditferent from 0 ami 
at any rate it is not predicted by the hypothesis of random segregation of 
homologous kinetochores. ) 

The discrepancy between the values for second division segirgatinn and 
new combinations can be corrected by the use of the equation m ^ d - 2 mn 
= % new combinations between color and sex (Haldane 1919) where rn = map 
distance or recombination between color and kinetochore aiul n = map dis- 
tance or recombination between sex and kinetochore. This is simply a sub- 
traction of an estimate of the percentage of old combinations formed by 
double crossing-over which give rise to second division segregation (see 
figure 3) from the percentage of hew combinations expected if there were 
no double crossing-over. Solving, .289 + .314- .181 = .422, or 42.2 per cent 
new combinations are expected from the data on second division segrega- 
tion when double crossing-over is taken into account and, as was avssumed, 
crossing-over is random. This is rather close correspondence with the ob- 
served value of 37.1 per cent. The small difference between the two may be 
due to the presence of more double crossing-over than would be expected on 
the basis of chance. This would increase the value of mn in the e(iuation and 
decrease the percentage of new combinations expected. Such an explanation 
seems reasonable in view of the fact that non-random crossing-over api)ears 
to occur among molds (Lindegren and Lindegren 1937, 1939,* Whitehonse 
1942). 

It would be possible to determine decisively whether Zickler’s ratios Avere 
the result of double crossing-over, were it possible to analyze the genotypes 
and orders of spores from the viridisxruhighiosa cross. Unfortunately, 
Zickler does not present his original data so that this point cannot he finally 
decided. 

Wiilker fortunately does present his original data on Neurospom and so 
it is possible to determine directly the proportion of ascus arrangements 
resulting from double crossing-over. Indeed, recognizing this possible in- 
terpretation, he carried out the analysis liimself and showed how all the 
arrangements he found could be explained in terms of crossing-over. But 
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the prexseiice of 28 asci resulting from three-strand crossing-over (fig. 3 ^ q 
and D) compared with 8 asci resulting from two-strand crossing-over (fig. 
3, A) and 8 resulting from four-strand crossing-over (fig. 3, B) seemed 
disproportionate to him. Consequently he made an elaborate estimate of the 
proper ratios of first and second division disjunctions combined with several 
types of crossing-over which would yield the ascus types he observed. It is 
not necessary to discuss these estimates because Wiilker revealed the critical 
point for his hypotheses in these words which are freely tramslated—^ The 
appreciation of all following calculations depends alone u-poii recognizing 
in the value of 28 asci a deviation from the numbers expected exclusively 
from crossing-over which cannot be explained in other ways. ^ ’ Accordingly, 
if it is possible to show that 28 asci resulting from three-strand crossing-over 
is not beyond expectation in Wiilker ’s results, it is not necessary to accept 
his sclfeme for second division disjunction. 

In tfie first place the total number of double crossovers across the kineto- 
chore (it is impossible to calculate the expected percentage of crossing-over 
in one arm because only one gene was studied in each arm), 24.4 per cent, 
resembles that calculated from the frequency of single crossing-over, 24.8 per 
cent. Moreover, it can be seen from figure 3 that the expected ratio of two-, 
three- and four-strand double crossing-over occurring at random is 1:2: 1. 
When a test is applied to the fit of the 8 two-strand, the 28 three-strand, 
and the 8 four-strand double crossover asci to the 1:2:1 ratio a P of 0.2 is 
obtained indicating a good fit to the crossing-over hypothesis for such a small 
number of eases, ^ thus : 


Number of strands involved in 
double crossing-over 

2 

3 

4 

Actual number of asci 

8 

28 

8 

Expectation (e) 

11 

22 

11 

Deviation (d) 

3 

6 

3 

d2 

9 

36 

9 

d2 

0.82 

1,64 

0. 

d2 

2-^ -X— 3,28 

P = 0.2 




We may conclude therefore that in Netirospora the genetic evidence indicates 
first division disjunction of kinetoehores and crossing-over. 

In summary, it is certain that Zickler^s data on Bomhardia, as presented, 
are not crucial in demonstrating either a first or a second division disjunc- 
tion of homologous kinetoehores. The crucial data for establishing first divi- 
sion disjunction — the recognition of double crossing-over — ^may be in his 
original records but are not presented in his report. Neither has he found 
the data crucial for a demonstration of a second division disjunction — 

3 It is interesting to note tkat Wiilker data 011 Newrospora sitopliila provide no 
evidence for the non-random erosaihg-over found by Liiidegren for N. crassa. 


19431 


RYAN : CROSSING-OVER 


ill 


namely, that all factors iiTespective of their location on the chromosome 
show second division sepTeg*ation in. two-thirds of the cases. Tn short, if single 
and double crossing-over oeeiirs, as seems likely, the data (*aii be explained 
on an orthodox genetic basis. Moreover, besides Wiilker^s deiiioustnitioii that 
the asciis types he obtained in A' caii he explained in terms <d' first 
division disjunction and crossing-over, it is .possible to show that eveti the 
ratios of these types to one another are as would be cxpecttsl ofi this basis. 
This is critical evidence on behalf of first division disjunction of kinetochores. 

Thus, there is every reason to believe that, in molds as in other organ- 
isms, homologous kinetochores separate in the first meiotic- division (laHiiic*- 
tionally) and each kinetochore divides in the second division (ecpiationally) , 
Department of Zoology, Columbia University 
New York 
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THE NUMBER OF CHROMOSOMES IN TWO SPECIES OF 
AMORPHOPHALLUS 

Clyde Chandler 

Plants of the genus Amorphophallus are native of the tropics. The giant 
forms of this genus are quite often grown as curiosities in hot houses in the 
more temperate regions. The size and structure of the inflorescence, the 
flower behavior, the short period of bloom, and the infrequency of bloom on 
these plants in cultivation create interest for both the casual observer and 
the scientist. 

¥m cytological observations have been reported for this entire genus of 
approxi?nately 90 species. Stout (1937) reported observations on the pollen, 
the result of germination tests and the relation of the pollen tubes to the style 
for one plant of A. titanum. The writer knows of no report concerning the 
number of chromosomes in any plant of this genus. 

Plants of two species of Amorphophallus hSiYe flowered in the conserva- 
tories of The New York Botanical Garden. A sixty-pound conn of A. iitanum 
which was obtained by Dr. E. D. Merrill (1932) from A. M. Oostingh, Port 
de Kock, Sumatra, in June, 1932, flowered in June 1937. An accurate de- 
scription of the flowering of this conn was published in the J ournal of The 
New York Botanical Garden (August 1937). Root tips were collected from 
the conn when it was removed from its tub three days after flowering. These 
root tijis were not actively growing and none had mitotic figures. 

Another smaller conn of Amorphophallus iitanum wms collected in 
Sumatra by Mr. B. A, Krukoff and sent to the Garden in 1935 (accession no. 
77023). When the plant which was obtained from this corm was actively 
growing, root tips were collected and fixed for cytological observations. 
Later when the plant flowered in July 1939 it was identified as A, iitanum. 
It was somewhat smaller than the plant which flowered in 1937. 

The root tips were fixed in Flemming’s medium fixative, sectioned, and 
stained with Heidenhain’s hematoxylin. Each of the seventeen somatic cells 
in which the entire eomj>leinent of chromosomes could be counted contained 
26 chromosomes. A study of these showed that there were present 13 pairs 
of homologous chromosomes. It appears then that there were tw’-o sets of 13 
chromosomes each. The members of one of these sets are shown in figure 1. 

As shown, there were distinct differences in the size and shape of the 
chromosomes in each set. The longest chromosomes were about three times 
the length of the smaller ones. Since it was not convenient to make smear 
preparations of pollen-mother-eells the exact location of the spindle fiber 
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insertion regions was not determined. It seemed, }H>we\'ei\ that two of the 
clxroniosomes had median, four had subniedian, and seven had terminal or 
siib-terminal insertion regions. 

Plants ol Amorphophallns hulMfer Imve Ixeen growing in the Xew Ycn*k 
Botanical (jarden greenhouses since 1902 when se\'era! conns were rei'inved 
from Edinburgh (accession no. 14468). Cytologi(-al studies of the root tips 
of a plant of A. Inilbifer x*evealed that it had chr()m{)somt*s in its somalio 
cells. Study of these ehromosomes seemed to indicate that each of the two stUs 
of hornologs was composed of 18 ehromosomes which were somewhat morplio- 
logieally different from one another. One set of 18 (diromosonu^s is shown in 
figure 2. Only three chromosomes here designated B, O, and K, of A. l)}flhifir 

AA'iA^Ainiiii 

^ B C D E F G H i J K L M 

1 

AA 

ABC D E FG HIJ K L M N O P Q R 

2 

Fig. 1. One set of ehromosomes in the somatic tissue of AmorphopltalUiH fitaniinh 
Fig. 2, One set of ehromosomes in the somatic tissue of Amorpliophallnh* hulhlfer. 

appeared to be closely similar to ebromosomes A, D, and K of ^1. fifatiuvi. 
All other chromosomes in a single set differed from one another as well as 
from all other ehromosomes of A. titanum. Five of these chromosomes seemed 
to have nieclian insertion regions, nine had sub-median and four bad terminal 
or sub-terminal spindle fiber insertion areas. 

Qaiser (1930) lists the number of chromosomes for 57 species of plants of 
the family Araceae. It is to be noted that Arisaema ,^err(itum var. Th unbergri 
f. Blumei is the only species for which the diploid number of 26 ehromosomes 
is given. No species is accredited with 36 chromosomes in the somatic tissue. 
However, the 2n number of ehromosomes in Antkurhun cmsshiervium, and 
A. Wallmi is ca. 60 and A. radicans is given as 50. The haploid number of 15 
seems most fre(iuent while 8, 9, 10, 12 and 16 have been observed in various 
species of the Araceae. 
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In this stiicly it has been determined that for the plants studied the 
diploid number of chromosomes in somatic cells of Amorpliopliallus fifanum 
is 26 and that for A. hiilhifer is 36. Assuming that these are all in homologous 
pairs the haploid numbers for these plants are 13 and 18. And it is the giant 
species which has the lower number. These numbers do not indicate a simple 
polyploid relationship for these two species. 

There is, however, a striking resemblance between chromosomes A and B* 
C and D; H, I, J and K; and M and N of a single set from A. hulbifer as 
may be observed in figure 2. 

The New York Botanical Garden 
New York 
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THE GENUS STACHYURUS 

Hui-Lin Li # 

In this study an attempt is made to summarize our prestuit kiiowieilj^u.^ of 
the taxonomy of the genus Stachyuriis^ on the basis of the material availatde 
in the herbarium of the Arnold Arboretum of Harvard University, Ho e(nu- 
plete is this material that only one recently described Jai)anese species, X. 
ovalifolius Nakai, has not been seen by this writer re])resente(l either by a 
type or a elassieal s|)eeimen. The types of the few varieties deseril)ed in this 
paper are deposited in the herbarium of Arnold Arboretum. 

Sfaehyurus was first described by Siebold and Zncearini for X. pmeeox, 
a eJapanese species, and included in the Pittosporaceae (Sieb. & Ziicc. FI. 
Jap. 1: 43. 1835). Bentham (Jour. Linn. Soc. 5: 55. 1861; Benth. i; Hook. 
Gen. 1: 184. 1862) later transfers it to the Tenistroemiaceae. To both of 
these families the genus is only remotely related. Gilg (in Engl, k Prantk 
Nat. Pfl. 3 (6) : 192, 1893) more appropriately creates for it the family 
Staehyuraeeae and gives it a detailed treatment. Only two species were 
knowji at that time, namely, 8, pmecox Sieb. & Zuce. of Japan and X. 
limalaicus Hook. f. & Thomson of the Himalayan region. In the second edi- 
tion of the Natiirlichen Pflanzenfamilien (1925), the same treatment is 
reprinted without any additional data. 

The forms treated in this review are all that are known at present, total- 
ing twelve species and four varieties. The leaves are of special use in making 
taxonomic determinations. The shape, size, apex, base, margin, and venation 
of the leaves, as well as the length of the petioles, are used extensively to dis- 
tinguish the diiferent species. The length of the inflorescences, pedicels, and 
styles is also useful in identification. The flowering parts, except for minor 
points pertaining to the length of the styles, exhibit little variation. The size 
and shape of the fruit are sometimes essential for species ideutiflcation, 

Franchet (Jour, de Bot. 12: 254. 1898) divides the genus into two sec- 
tions, CaUo,^unis and Gymnosurus. He characterizes tlie two sections as fol- 
lows: ‘'Hectic 1. Callosurus. — folia raeemos axillentia persistentis; raccmi 
pediineulati. Seetio 2. Gymnosurus. — folia raeemos axillentia ante anthesim 
decidua ; racemi sessiles. To the first section belong 8. yunnanem^is Fraiich. 
and 8, ohovafus (Rehder) Li, and to the second section the remaining spe- 
cies. Tlie peduncles in the first section are rather short and not always dis- 
tinct, but in the second section the inflorescences are invariably sessile or 
snbsessile. 

The inflorescences in both sections are spikes or racemes arising from the 
axils of leaves, usually produced by one-year-old wood. The differences that 

(>35 ' 
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Fraiieliet emphasizes in his diagnostic summary are best interpreted as fol- 
lows : 

Sect. Callosunis: The spike grows on a normal axillary floreseent axis, 
that is, without tending to displace or to suppress the leaf itself, and the leaf 
eonsequeiftly persists throughout the flower- and fruit-stage. 

Sect. Gymnosurus : The spike tends to eliminate the leaf, which is eadn- 
eoiis ; the result is that the inflorescences and infrueteseences are borne with- 
out a subtending leaf. 

The basis of this difference, which Franchet fails to notice, is essentially 
physiological, and presumably, to a certain extent, also anatomical. In Cal- 
losurus, the part of the stem that hears the flowers and fruits remain essen- 
tially a Tegetative axis with lateral inflorescences. In Gymnosurus, on the 
contrary, the same part of the stem tends to become a floriferous axis, in a 
manner suggestive of an apical or intercalary inflorescence. The passage from 
one forfti of habit to the other is subtle and may, in certain species, be appar- 
ent only as a tendency, but it is marked enough to justify the retention of 
Franchet ’s sections and characterizations. 

Stachyurus is confined to the temperate regions of eastern Asia, extend- 
ing from the eastern Himalayas in the west to the Bonin Islands in the east, 
but not ranging below 20° N. Lat. It is known in northern Burma, Tonkin, 
and Kwangtung proper, but apparently it is lacking in Hainan Island. On 
the Asiatic mainland, the spread of the genus scarcely extends northward to 
35° N. Lat., but it is found in all parts of the Japanese Archipelago as far 
north as Hokkaido. The species are local in their distribution, except S. 
praecox Sieb. & Zucc., which is widely distributed in Japan proper, S. cht- 
nensis Franch. and its varieties, which are known in all the Chinese provinces 
where the genus is recorded, and S. himalaieus Hook. f. & Thomson, -which 
extends from eastern India through southern China to Formosa. 

Stachyurus Sieb. & Zucc. IT. Jap. 1 : 42. pi. 18. 1835; Endl. Gen. PI. 2 : 
1083 (n. 5669). 1840; Benth. & Hook. Gen. 1 : 194. 1862; Gilg in Engl. & 
Prantl, Nat. Pfl. 3 (6) : 193. 1893; ed. 2. 21 : 458. 1925; Kehder, Man. Cult. 
Trees & Shrubs 640. 1927 ; ed. 2. 654. 1940. 

Shrubs or small trees, deciduous or evergreen, glabrous, often with 
straggling branches, the branchlets with large pith, the winterbuds small, 
with 2-4 outer scales ; leaves alternate, the petioles slender, the blades mem- 
branaceous to coriaceous, serrulate ; stipules small, caducous ; flowers small, 
i^egular, perfect or funetiohally dioecious, sessile to short-pedicellate, in erect 
or pendulous racemes or in spikes axillary on last years branches, with one 
bract at the base of the pedicel and two bracteoles subtending the flower; 
sepals and petals each four, free, imbricate ; stamens 8, distinct, the anthers 
versatile; ovaiy superior, incompletely 4-eelled by the intrusion of the 
parietal placentae, the style simple, short, the stigmas capitate, 4-lobed, the 
ovules many; fruit berry-like, with leathery pericarp,- seeds many, small. 
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LI: STACHYURUS 

witii soft arilliis, albuminous, tbe embryo straigiiit, the eotyledoiis eiliptie, 
tlie radicles short. 

Tyfe spmms: Stachyurus praecoxSleh.&Vjiiee, 

Key to the species and varieties , 

A. Leaves at tlie base of the infiorewsceiice persistent; iiifloreseeiiees sliort- 
pedunculate. (Section I. Gallos imis Fraiicli.) 

B. Leaves ovate to oblong-ovate; inflorescences 3-9 cm. long, with 12-22 
flowers or fruits. 

C. Fruits subsessile or very short-pedicellate, the pediceis to 3 nun. 

long 1. S. i^atinarM fisis. 

CC. Fruits long-pedicellate, the pedicels 3-5 mm. long, articulate at 

the middle la. K. i/inuianensis var, prflirrlfatus, 

BB. Leaves obovate to oblong-obovate ; inflorescences {ibout 1.5 cm. lung, 

with 3-8 (i*arely 10) flowers or fruits 2. S, obovatns. 

AA. Leaves at the base of the inflorescence early deciduous; inflore.scences 
sessile or subsessile. (Section II. Gymnosurus Branch.) 

B. Leaves oblong-lanceolate to linear-lanceolate, about 3 times or more i 
as long as broad, the marginal teeth very flue, mostly close. 

0. Leaves with longitudinal veins located a little more than half way 
between the midrib and margin, united with the straight or slightly 
curved lateral nerves. 

D. Leaves narrowly linear-lanceolate, the base acute, the serra- 
tions more or less remote, inconspicuous, incurved and obtuse ...3. S. HaUcifoUm, 
DD. Leaves oblong-lanceolate, the base cordate, the serrations 

flne, very close, more or less straight and pointed, rigid 4. S. cordatulus, 

GC. Leaves without longitudinal veins, the lateral nerves ascending 
and prolonged. 

I). Leaf -base acute, the apex acuminate, the marginal teeth sharp- 
pointed; petioles about 2.5 cm. long; inflorescences about 10 cm. 

long 5. S,lilmalaiciis. 

DD. Leaf -base cordate, the apex long-acuminate, the marginal 
teeth slightly incurved and obtuse ; petioles about 4.5 cm. long ; 

inflorescences about 14 cm. long 6. S. lariHfoluis. 

BB. Leaves ovate-oblong to orbicular, about 2 times or less as long as 
broad, the marginal teeth coarse, generally more remote. 

0. Leaves ovate-oblong, about 2 times as long as broad (Japanese 
species) . 

L. Leaves long-p etiolate, the petioles 3-5 cm. long; fruits large, 

1.3-2 cm. long. 

E. Leaves long-acuminate, the base rounded to subeordate, the 
marginal teeth prominent, pointed; inflorescences robust, about 

8-9 cm. long; fruits oblong-obovate, 1.3-5 cm. long 7. S- Matsnmkii. 

EE. Leaves acute, the base broadly acute, the marginal teeth 
less prominent, obtuse; inflorescences slender, 4-5 cm. long; 
fruits broadly oblong, 1.8-2 cm. long. 

F. Lateral nerves about 6 on each side 8. S. maerocarpus. 

FF. Lateral nerves 9-11 on each side. 

8a. S. maerocarpnsxi\i\ priniifolius. 
3DD. Leaves with petioles about 1.5-2 cm. long; fruits small, 

about 1 cm. long p/ncco.r. 

CC. Leaves ovate to orbicular, as long as to less than 2 times as long 
as broad (Chinese species). 

B. Leaves acuminate or cuspidate. 




Chika: szechua^t: Hsien, B. H Wilson 4541 (liolotype) July^ 1910. 

yUNXAK: Loping, S, Bandel’Ma^B€tti 27-10188 (immature fruits; identi- 
fied by Handel -Mazzetti as B. iFraneb.). 
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U, Leaves ovate, the apex long-acuminate, the base acute to ^ 

rounded 10. B, cMnensis. 

EB. Leaves orbicular, the apex abruptly short-acuminate or 
cuspidate, the base cordate. 

P. Leaves abruptly acuminate, the acumen 5-8 mm. long. 

^ lOsi, 8. chinensisYUTjatus. 

PP. Leaves cuspidate- emarginate, the acumen 10-15 mm. 

long 10b. 8. chinensis var. cuspidatus. 

PL. Leaves emarginate or bilobed 11. 8. retimis. 

No specimen obsei'ved 12. 8. ovalifoUus, 

1. Stachyurus yunnanensis F ranch. Jour, de Bot. 12: 253. 1898; Rehder 
ill Sarg. PL Wils. 1: 288. 1912; Jour. Arnold Arb. 15: 103. 1934; Chung, 
Mem. Sci. Soc. China 1: 176. 1924; Hand.-Maz. Symb. Sin. 7: 383. 1931. 
Stachyurus Esquirolii H. Levi. PL Kouy-Tcheou 416. 1915. Figure 1. 

A shrub, 1.5-3 m. tall, the branehlets olivaceous, with lenticels ; leaves 
coriaceous, persistent, glabrous, greenish and slightly lustrous above, pale 
beneath, ovate-oblong to ovate-lanceolate, 6-12 cm. long, 2-4 cm. wide, the 
apex cafidate-acuminate, the base acute, the margins finely and sharply ser- 
rulate, the teeth pointed, with callose apices, the lateral nerves 5-7 on each 
side, ascending, inconspicuous to subconspicuous above, slightly elevated and 
conspicuous beneath, the tertiary veins ineonspieuous on both surfaces; 
petioles 1-2.5 cm. long; inflorescenees 6-10 cm. long, erect or pendulous, 
short-pedunculate, the peduncles 0.5-1 cm. long, the flowers yellow, subses- 
sile, the bracts triangular-ovate, acuminate, about 2.5 mm. long, the brac- 
teoles ovate, acute, about 3 mm. long ; sepals ovate, about 4.5 mm. long, acute ; 
petals obovate, obtuse, 6-7 mm. long, about 4 mm. wide; filaments about 5 
mm. long ; ovary and style about 6 mm. long, scarcely exerted, the stigmas 
capitate, distinct; fruit globose, about 6 mm. across, sessile, with persistent 
style. 

CHINA: SZECHUAN: Huiig-yali Hsien, B. E, Wilson 2555 ; Fing-pien Hsien, E. T, 
Tsai 62960; Mt. Omei, IP. P. Fang 2634, T. T. Tii 399, ' 405, Y. 8. Liu 1623, 1668, 1776, 
C. Y, Chiao # C. 8. Fan 71, 235, K, N. Yin 138* Yunnan : Mo-so-yn (Lou Kong), 
Belavay 822 (syntype, pboto. and merotype of leaf in AA), Ax^ril, 1884, 3334 (syntype, 
inerotype of flowers in AA) ; Ghamputong, Der-la, €. W, Wang 66805. kweichoW: 
Tlian-lo, J. Bsquirol 3517 (liolotype of 8^, BsquiroUi H. L4vl., merotype in A A) ; An-lung, 
Kow-cliang, Y. Tsiang 7418; Kweiyang, Chan Lin Shan, >8. W. Teng 90021, 

This species can be distinguished from the other two common Chinese 
species of the genus, 8. himalaicus f. & Thomson and 8. chinensis 

Praneh., by the fact that the leaves at the base of the racemes are persistent 
rather than early deciduous. The leaves of 8. yunnanensis resemble those of 
8. Jihnalaicus, differing, in addition to the character mentioned above, in the 
generally smaller size and coarser and more remote serrations. 


la. Stachyurus yunnanensis Praneh. var. pedicellatus Rehder in 
Sarg. PL Wils. 1: 288. 1912; Chung, Mem. Sci. Soc. China 1: 176. 1924. 
Figure 2. 

Differs from the species in the distinctly pedicellate fruit, the pedicels 
3-5 mm. long, articulate at the middle. 



obovams. }} 
S. lancifoliui 
11. 8. chine'} 
Fig. 14. 8. n 
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2. Stachyurus obovatus (Eelider) Li, comb. iiov. Stachytmis fiinnanen- 
sis Franeli. var. oh ovat a B^ehder in Jonr. Arnold Arb, 11: 165. 1930 ; Hancl- 
Maz. Symb. Sin. 7 : 383. 1931. Figure 3. 

A shrub, 1-3 m. tall, the branchlets olivaceous ; leaves subcoriaceoiis, per- 
sistent, short-petiolate, greenish and slightly lustrous above, pale beneath, 
obovate, 5.5-7.5 cm. long, 2-3 cm. wide, the apex long-caudate-aeuminate, the 
acumen 1-1.5 cm. long, the base narrowly attenuate, the margins slightly 
serrulate to subentire below, finely and sharply serrulate above, the teeth 
pointed, slightly callose, the lateral nerves about 5-7 on each side, subeon- 
spicuous above, elevated and prominent beneath, the tertiary veins incon- 
spicuous on both surfaces ; petioles about 0.5 cm. long ; inflorescences spieate, 
short-pedunculate, 1-1.5 cm. long, the flowers sessile to subsessile, the bracts 
ovate, long-aeuminate, about 1.5 mm. long, the bracteoles ovate, about 2 mm. 
long; sepals ovate, about 2 mm. long; petals ovate, 4-5 mm. long, 2-5 mm. 
wide; filaments about 4 mm. long; ovary and style about 4 mm. long, in- 
cluded, the stigmas ovate; fruit globose, about 7 mm. across, pedicellate, the 
pedicais 3-4 mm. long, articulate at the middle. 

' ft 

CHINA: SZECHUAN: Kuaix Hsien, W, P. Fang 2000, 12156, P. T, Wang 20504, 20618, 
y. 8, Liu 1856, O'. 8, Fan 81; Mt. Omei, TF. P. Fang 3910, 7833, 6158, F. 8, Liu 1725, 
0, F. CMao # C. 8. Fan 412; Ping-shaii Hsien, F. T. Wang 22698. 

Professor Eelider states that ‘‘this plant looks at the first glance very 
distinct on account of its obovate almost lyrate caudate-acuminate leaves, 
but the leaves, of some specimens of S. yunnanensis before me show a ten- 
dency toward an obovate shape and the serration agrees with that of 8. yun- 
nanensis. As the flowers are unknown, the specimens bearing young fruits, 
it does not seem wise to describe it as a new species.^’ With adequate flower- 
ing material {Fang 12156 and Wang 22698) and young fruiting material 
{Wang 20504, 20618) on hand, this writer is convinced that the variety 
deserves a specific standing. The leaves are not only distinctly and constantly 
obovate in shape, but they are also generally smaller than those of 8. yunnam- 
ensis Franch. Moreover, the inflorescences are characteristically very short, 
scarcely exceeding 2 cm. long, and bearing only 3-8, rarely 10, flowers or 
fruits, and the styles are included, while in 8 . yunnanensis the inflorescences 
are 3-9 cm. long, bearing 12-22 flowers or fruits, and the styles are exerted. 

3. Stachyurus sALiciPOLius Franch. Jour, de Bot. 12: 253. 1898; Chung, 
Mem. Sci. Soc. China 1: 176. 1924. Figure 4. 

A shrub, 1.5-3 in. tall, the branchlets olivaceous, glabrous ; leaves char- 
taceous, glabrous, dark green above, pale beneath, linear-lanceolate, 8-15 
cm. long, 0.7-1.7 cm. wide, the apex caudate-acuminate, the base obtuse, the 
margins inconspicuously serrulate, the teeth obtuse, incurved, the lateral 
nerves about 6-8 on each side, at first obliquely spreading, then abruptly 
ascending into longitudinal veins parallel to the midrib, their tips frequently 
joining the preceding lateral nerves, inconspicuous above, slightly elevated 
and conspicuous beneath, the tertiary veins inconspicuous on both surfaces ; 
petioles short, 4-8 mm. long ; inflorescences 5-7 cm. long, erect or pendulous, 
subsessile ; flowers greenish white, subsessile or short-pedicellate, the bracts 
triangular-ovate, acuminate, about 2 mm. long, the bracteoles ovate, acute, 
about 2.5 mm. long; sepals. ovate, . about 4 mm. long, acute; petals obovate, 
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about 4 mm. long,, 3-5.5 'mm. wide, obtuse ; filaments 5~0 mm. long ; ovary ami 
style' about 6 mm. long, seareely exerted; bie stigmas eapitatt*, distinet; fruit 
globose, .about 4-6 mm. in diameter, with pei'sisteiit style*, the ped ieels about 
2.5 mm. long. 

ChixA: SZECHUAN: Mt. Omol, JJ. Wilwn 4S0S, IT. /^ Fanff 
T, T,Yil 409 f 452, Y. S. Liu 1142; Piiig-shan Hsien, I\ T. Ulutff 227 5 J, 227(),h yunnan: 
Tsclien-fong-shan, i?. P. Lelavay s.n. (holotype, plioto, and nienUvpc* in AA), Julv, 1801; 
AU-liaiig Hsieii, H. T. Tsai 52118. 

Tliisupecies is easily distinguished from the others !)y tin* long and iiar“ 
row linear-lanceolate leav^es with rather short petioles 4-5 mi!i. long. 

4. Stachyitrus coRDATiJLiTs .Merr. Brittonia 4: 122. 1641. Figure* 5. 

A shrub, snbscandent, the branches glabrous ; leaves cluirtaceoiis to cori- 
aceous, glabrous, olivaceous on both surfaces to slightly paler beneath, oblong 
to oblong-lanceolate, 10-12 cm. long, 2.3-4 cm. wkle, the apex siilx'au^iately 
acuminate, the base slightly or distinctly cordate, tlie margins fii|e!y and 
sharply serrulate, the teeth pointed, spreading, about 0.5 mm. long, with 
callose apices, the lateral nerves 7 or 8 on each side, spreading, straight or 
slightly curved, united with longitudinal nerves locattnl a little liiore than 
half way between the midrib and the leaf margins, subcons])icHoiis above, 
distinct and elevated beneath, the tertiary veins inconspicnous on both sur- 
faces; petioles 6-9 mm. long; inflorescences spicate, ^1-9 cm. kmg, subsessile. 
the flowers greenish to slightly rosy, 5-6 mm. long, sessile, tin* hratds 1.5-2 
mm. long, ovate at base, long-acuminate, the braeteoles ovate, about 2 mm. 
long, subacute to short-acuminate; sepals elliptic, concave, ronnded, about 3 
mm. long; petals obovate, ronnded, about 5 mm. long and 3.5 mm, wide; 
filaments 1.5-2 mm. long; ovary ovoid, the style about 1 mm. long, the* stig- 
mas capitate, about 1 mm. in diameter. 

Burma: ^Nam Tamai at the Adimg-Sienghku coiifiueiu'e, and alnug t!ie Adiing River, 
K. F. Ward 9176 (para type), mi (holotype), Jan. and lUdt., 1941. 

This distinct species is near to Si:(ichywrus ]ii})ialaicus ITook. f. & Tliom- 
son in the oblong-lanceolate leaves wuth fine and close sei'rations, but it is 
easily distinguished from the latter in that its leaves are shorter-petiolate. 
the base more distinctly cordate, the apex longer-acuminate, and the serra- 
tions straight, oiit-pointed, and more rigid. Moreover, the species is (diarac- 
terized by the venation, the straight or slightly <mrved lateral nei*ves being 
united directly with the nearly as proinineut longitiulinal pair, whi(4i is 
located a little more than half way between the midrib and the leaf-margins. 
A similar characteristic venation is found only in Ah salivifolius Fraiich., but 
in that ease the longitudinal veins are not always as distinct and sometimes 
are represented by extensions of the lower lateral veins not fully connected 
with the upper lateral ones. In other respects, mlicif(dius is readily dis- 
tinguished from S. cordatulus by its very .nari-ow linear-lanceolate ]ea,ves- 
with acute bases ami remote, obscure, and obtuse serrations. 

5. Stachyurus niMALAicus Hook. f. & Tbomson ex Renth. Jour. Linn, 
Soc. Bot. 5: 55. 1861 ; Thiselton-Dyer in Hook. f. PI. Brit. Tnd. 1 : 288. 1875 ; 
Rehder in Sarg. PI. Wils. 1 : 287. 1912; Hayata, le. PL Formosan. 5: 8. /. AA 

■■ 




This widely distributed species can be distinguished from S. chinensis 
Praneh., another species of ■very "wide distribution, by its longer but nar- 
rower, oblong or oblong-lanceolate leaves with fine and close serratioiis, and 
by the smaller flowers with the style scarcely exceeding the petals. Its in- 
florescence is also generally much longer. This -writer has not been able to 
distingiTish the Formosan B.. Si^geyosii Masamune by its descriptions from 
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1915 ; Kauehira, Formosan Trees 62. /. 1917 ; Cluing, Mem. Sci. Soe. China 
1; 176. 1924; Ito, Taiwan Shokubutu Dzusetu (111. Formosan PI.) pi 464. 
1927; Chun, Sunyatsenia 1 : 275. 1934; Merr. Brittonia 4: 121. IdiT. Stachy- 
vrm’ 8igeyosii Mc^smmne, Trans. Nat. Hist. Soc. Formosa 28: 287. 1938, 
syn. noY. ^Figure 6. 

A small tree with spreading branches, the branchlets chestnut-brown, 
with whitish lentieels ; leaves chartaeeous to coriaceous, glabrous, greenish 
above, pale beneath, oblong to oblong-lanceolate, 8-13 cm. long, 3.5-5.5 cm. 
wide, the apex long-eaudate-acuminate, the base rounded to subeordate, the 
margins finely serrulate, the teeth minute, pointed, with callose apices, the 
lateral veins '5-7 on each side, ascending, elevated and prominent on both 
surfaces, the tertiary veins reticulate, subeonspieuous on both surfaces; 
petioles 0.5-1.5 cm. long ; inflorescences 5-10 cm. long, erect or pendulous, 
sessile, the flowers yello-w, sessile, the bracts triangular-ovate, acuminate, 
about 2 mm. long, the braeteoles broadly ovate, acute, about 2 mm. long; 
sepals* broadly ovate, obtuse, about 3 mm. long ; petals obovate, rounded, 5 
mm. loifg, 3.5 mm. wide; filaments 4-5 mm. long; ovary and style about 5 
mm. long, scarcely exerted, the stigmas capitate ; fruit subglobose, about 7-8 
mm. across, subsessile to short-pedicellate, with short persistent stjde, the 
pedicels 2-3.5 mm. long, articulate at the middle. 


CHINA: HUNAN: Sinning Hsieiij C. S. Fan 4' hupeh: Cliang-yang 

Hsxen, F, E. IVihon 19^a; no precise locality, A. Henry 3449 A (fragmentary). Sze- 
chuan : Mt. Omei, T. E. Liu 1670 j C. Y, CUao # C. S. Fan 387 ; Kuan Hsien, Chien-eliang 
Shan, C, S, Fan IS. sikanG: Ya-an, C. Y. Chiao 19^5. yunnan: no precise locality, 
F. E. Mairc 68, G. Forrest 9S3$, 9776, 16313, T. T, Yii 11434, JS. T. Tsai S7366, S7S99; 
Mongtze, A. Henry 10138, 10138 A, 10543 ; Kiou-lou-kiang, E. E. Maire S3 ; between Scliin- 
liing and Ta Sung Shu, 0. Schneider 343; Yunnanfu, C. Schneider 378 ; Ta Chang, C. 
Schneider 749; Likiaiig, C. Schneider 384.1, J. F. Koch 10575, G. Forrest 32231, C. W. 
Wang 70699, K, M. Feng 404, F. C. Ching 31595 ; Tengyueh, F\ Foclc 7994 ; Champ u- 
tong, Mt. Kenyichunpo, J, F. MocTc 11535 ; Pe Yen Tsin, Son Pin Chao, S. Ten 354, 364 ; 
Ma.-kwan Hsien, H. 1\ Tsai 51851; Shang-pa Hsien, H. T. Tsai 54738 ; Lan-ping Hsien, 
H. 1\ Tsai 54047, 56383 ; Lung-ling Hsien, H. T. Tsai 56464 ; Wei-si Hsien, H. 1\ Tsai 
63019, C. W. Wang 67900; Chainputong, C. W. Wang 66709; Kiukiang Valley, T. T. Yu 
19438; Londjrela, T, T. Yii 33 147 ; northern flank of Haba Snow Eange, K, M. Feiig 
1184; southern Chungtien, K. M. Feng 3087. KWEICHOW : Pan Ching Shan, Steward, 
Chiao, 4' Ghe.o 38. kwangsi: Ling-wan Hsien, B. K. Laio 30458, Steward 4' Gheo 635; 
Kwei-lin Hsien, Ma-waug-shan, W. T. Tsang 38330, 38349. kwangtung: Pan Ling Tsze, 
W. Y. Chiin 5880; Yang Shan Hsien, T. M. Tsiu 741; Loh-chang Hsien, Chong Hen Shan, 
W. T. Tsang 30713, 20674. 

Formosa: Ko precise locality, J. L. Gressitt 146; Kuanania, 0. Warburg 10479; 
Arisan, prov. Kagi, E, H. Wilson 9753, 10799; Horlsha, prov. Nanto, E. H. Wilson 10007 ; 
Taiheisan, xn*ov. Giran, E. H, Wilson 10175, S. Sumdei s.n., K. TJno 10674; Bankingin, 
J. Henry 35 ; Hassensan, E. Kanehira 31190; Sankyo, K. Odashima 17850. 

INDIA: Eastern Himalaya, K. Biswas s.n. 

Burma: Above Zuklang, F.K. Ward 437; Adung Valley, K. F. Ward 9397. 
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Jimalaiciis especially from the Formosan plants of the latter siHants. and 
tlms treats the former as a synonym of the latter. 

6. Stachyubus lancifolitjs Koidz. Bot. . Tok\o 32: 135. I!ll8. 
Stachyurus praecox sensu Ito <& Matsum. Tent. Pi. fjutcdi. 1: 60. lum 
Sieb & Ziiec. Pij^mre 7. 

A slmib, 1.5--2.5 m. tall, the branchlets dark chestniit-brown, ,iilaf>rons: 
leaves chartaceons, glabrous, lanceolate to ovate-lanceolate, rarely ovate- 
oblong, 12-19 cm. long, 3.5-7.5 cm. wide, the apex. long-(‘audate-a{mmiHate, 
the base rounded to subcordate, the margins finely serrulate, the teeth 
slightly incurved, obtuse, the lateral veins about 8 on each side, as<'(mding, 
subconspieuous above, elevated and prominent beneath, the* tertiary veins 
reticulate, incoiispicuous above, subconspiciioiis bem^ath ; j)eti()les :i-5 (on. 
long; infioreseences 5-10 cm. long, sessile, pendulous, tiie flowers pale yellow, 
sessile, the bracts triangular-ovate, about 2 mm. long, acuminate, tlie brat*- 
teoles ovate, about 3 mm. long, obtuse; sepals ovate, about 4 mm. long; ])etals 
obovate to suborbicular, about 6-7 mm. long, 5-6 mm. wide, the apex 
rounded; filaments 3.5-4.5 mm. long; ovary and style about 3 mm. Iniig, tlie 
stigmas capitate, distinct; fruit ellipsoidal, 9-12 mm. long, sliort-pedicellate. 

JAPAN: KyUvSlm, 'E. II. WUson s.n., 3 collections; Liukiu T.slands, Ynkohtnua Xnr.srrii 
Go.y s.n. 

This species is close to StacJiy terns Mmalaicus Hook. f. & Thomsou in the 
oblong- or ovate-lanceolate finely serrulate leaves with rounded to subcordate 
bases, but differs in the longer petioles, slightly larger and more obtuse ser- 
rations, longer inflorescences with larger and mort^ densely arraug(‘d flowers, 
and the larger fruits. The type is described from Kyushu, Japan, but no 
specimen is cited in the original description. 

7. Stachyurus Matsuzakii Nakai, Bot. Mag. Tokyo 34 : 148. 192(). Fig- 
ure 8. 

A shrub about 5 m. tall, the branchlets stout, chestnut-browii dotted with 
white lenticels ; leaves chartaceous, glabrous, greenish above, pale beneath, 
elliptic, 10-14 cm. long, 5-6.5 cm. wide, the apex long-acuminate, the base 
acute to rounded, the margins coarsely and prominently serrulate, tlie teeth 
large, obtuse, slightly incurved, with callose a])ices, the lateral nerves 5 or 6 
on each side, ascending, subeonspicuous above, elevated and promineut be- 
neath, the tertiary veins reticulate, inconspicuous above, slightly cous])icu()us 
beneath; petioles 2.5--5 cm. long; infloreseenees 4-12 cm. long, sessile, ])eu- 
dnlous, the flowers sessile, light yellow^, the bracts broadly triangular-ovate, 
about 2.5 cm. long, acuminate, the bracteoles ovate, about 3 mm. long, acute 
to obtuse; sepals ovate, about 3 mm. long, acute; petals 5-7 mm, long; fruits 
obovate-oblong, 13-15 mm. long, with short persistent styles. 

JAPAN : Hondo, Bliima, Soemjima BMS. 

This species is characterized by its rather robust branches, long-petiolate 
and large leaves, which are coarsely serrulate, and the rather stout inflores- 
cences. Two type collections are cited by Nakai, both from prov. Idzu, Hondo, 
the first from Haehijo Isnad, T. Nakai c0 N. MatsuzakU s.n., and another 
from Oshima Island, Sahuro Okuho s.n. 
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8. Stachyurus macrocarpus Koidz. Bot. Mag*. Tokyo 32 : 134. 1918. Pig. 
lire 9. 

A siiriib, the branchlets dark ehestniit-brown to blackish, glabrous ; leaves 
chartaceoiis, glabrous and greenish above, pale beneath and slightly pubes- 
cent alongrthe midrib and lateral nerves, soon glabrous, oblong to oblong - 
lanceolate, rarely ovate-elliptic to ovate-oblong, 7-14 cm. long, 3-5.5 cm. 
wide, the apex acuminate, the base rounded to obtuse, the margins obtusely 
and rather broadly serrulate, the teeth slightly incurved, with callosV 
apices, the lateral nerves about 6 on each side, ascending, subconspicuous 
above, elevated and distinct beneath, the tertiary veins reticulate, incon- 
spicuous above, subeoiispicuous beneath ; petioles 2-5 cm. long ; inflorescences 
3.5-4 cm. long, subsessile, the flowers subsessile, rather densely arranged, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the bracteoles 
ovate, obtuse, about 2.5 mm. long; sepals ovate, about 3 mm. long; petals 
obovate, obtuse, about 5 mm. long and 3 mm. wide ; filaments about 4 mm. 
long;^vary and style about 4 mm. long, the stigmas capitate, distinct; fruit 
oblong, |8-20 mm. long, 12-16 mm. wide, subsessile. 

Bonin' islands: No jireeise locality, Eidemasa Otorno s.n., 2 collections. 

This species is characterized by its oblong to oblong-lanceolate and acumi- 
nate leaves with remote and obtuse serrations, rather short inflorescences 
about 3.5“4 cm. long, and large fruits up to 2 cm. long. The type specimen 
is 8, Nishimitra 105 from Chiehishima Island, Bonin. 

8a. Stachyurus macrocarpus Koidz. var. prunipolius Tuyama, Bot. 
Mag. Tokyo 53 : 7, (as ptirnifolius) . 1939. 

Differs from the species in the thinner leaves with smaller, closer, acute 
serrations, and more numerous lateral nerves, about 9-11 on each side. 

Recorded by T. Tuyama from Bonin Islands (type specimen: Hahazima 
Island, 1\ Tuyama s.n .) ; no specimen seen by this writer. 

9. Stachyurus praecox Sieb. & Zucc. PI. Japon. 43 : pL 18. 1835; Abh. 
Math.-Pliys. Cl. Bayer. Akad. Wiss. 4 (2) : 152. 1845; Pranch. & Sav. Enum. 
PI. Jap. 1 : 59. 1875; Carriere, Rev. Hort. 1869 : 200. /. 4.9. 1869; Rouhard, 
Rev. Hort. 1908 : 86. /. ^8, 29. 1908; Hook. Bot. Mag. 108 : pi. 6631. 1882; 
K. Ito, Pig. & Descr. PI. Koishik. Bot. Gard. 2 : pi. 22. 1883 ; Lauche, Deutche 
Dendrol. ed. 2: 413. f. 163. 1883; Nicholson, 111. Diet. Gard. 3: 483. /. 518. 
1887 ; Bull. Coll. Agric. Tokyo 2 : pi. 7, f. 21. 1895; Gard. Chron. III. 21 : /. 
97. 1897 ; Shirasawa, Ic. Ess. Porest Jap. 1 : pi. 74. 1900; Schneider, Dendrol. 
"Winterst. 86. /. 1903; 111. Hand. Laubh. 2 : 363. /. 241a-b, 245. 1909; Dalli- 
more, Gard. Chron. HI. 43 : 196. /. 83. 1908, 49: 213. 1911; Miyoshi, PI. 
World. Jap. 128 : /. 1917 ; Osborn, Garden 75 : 204. /. 1911 ; Gard. Chron. HI. 
79 : 229. 1926 ; Bean, Trees & Shrubs 2 : 545. /. 1914 ; Rehder in Bailey, Stand. 
Cyel. Hort. 6 : 3221. f. 3674. 1917 ; Man. Cult. Trees & Shrubs 640. 1927 ; ed. 
2, 654. 1940. Stachyurus japonicus Steud. Nom. ed. 2, 2 : 630'. 1841, sphalm. 
Figure 10. 

A shrub, 1-4 m. tall, the branches spreading, the branchlets reddish brown 
or chestnut-brown, lustrous, glabrous ; leaves chartaceous, greenish, lustrous 
and glabrous above, pale and slightly pubescent along the midrib and lateral 
nerves ])eneatlu soon glabrous, elliptic-ovate to ovate-lanceolate, 7-15 cm. 


f 


1943] 


■I 


625 


% LI: STACHYURUS 

, , 

long, 3.5-6,5 cm. ^wide, tlie apex, iong-aeiiminate, the base roiiiideil to fejiib- 
eordate, the margins serrulate, the teeth slightly spreading, the lateral nerves 
about 5 or 6 on each side, ascending, more or less elevated and prcniiineiit 
on both surfaces; petioles 2-5 cm. long; infloreseeiict‘s 5~9 cm. long, si^sile to 
subsessile, erect or pendulous, the flowers yellow, sessile, the biavts bnaidly 
ovate, acute, about 2 mm. long, the bracteoles broadly ovate, obtuse, al)ont 
2 iniii. long; sepals broadly ovate, acute, about 3 mm. long; petals obovat^, 
6-7 mm. long, 4-5 mm. wide; filaments 4-5 mm. long; ovary and style 4-5 
mm. long, included, the stigmas capitate, distinct; fruit globose, alxMit 8 uim. 
long, with or without persistent styles, short-pedicadlate, the pedicels 1.5-2 
mm. long, articulate at the middle. 

JAPAN: No precise locality, Faurie 6W8, I£. Kncnherg : Hokkaido, ])rov. 

Osliima, K, Miyabe # 1^. TolcubticM s.n,; Hokkaido, C. S. Haryput s.n.; Hokkaido, Kak« 
kumi Hot Spring, C. S. Sargent sm,; Atami to Odawara, C. S. Surge nt x.if.; Aliya iioshita, 
C, S, Sargent sm,; Hondo, Shinano prov., Fj, II. Wilson s.n.; Hondo, Safaini prov., F, JL 
Wilson s.n. ; Hondo, Mino prov., K, Shiota 340^ 8055 , 9683; Kyushu, Nagasaki^ Ak IL 
Wilson s.n.; Kyushu, Mt. Kirishima, F. E, Wilson **.«.; Nokogiriyania, provi xVwa, K. 
Miyabe s.n.; Chikugo, H. Mayr s.n.; Mkko, N. M-OcMnOci s.n.; Alt. Anigi, Sci. Coll. Imp. 
Univ. s.n.; IjOj K. Sahtirai s.n.; between Shojiko and Kofii, P. If. I)or.'<rtt 4' W. J. Morse 
561, Kobe, Eokkosan, K. Vno 13656; Ikerigaseki, Aonioriken, K. Vno ,4597. 

A species of common and wide occurrence in Japan, now frequently 
cultivated for its flowers. Siebold and Zuceariiii, in tlieir original description 
of the genus and the species, mention that the plant is common in Japan, but 
cite no specimen. 

10. Stachyurijs chinensis Franch. Jour, de Bot. 12 : 254. 1898; Diels, 
Bot. Jahi'b. 92 : 475. 1900; Lecomte, FI. Gren. Indo-Chine 1: 353. /. 33^ 1.S-18. 
1910; Rehder in Sarg. PL Wils. 1: 287. 1912; in Bailey, Stand. Gycl. Hort. 
6: 3221. 1917 ; Jour. Arnold Arb. 8: 178. 1927; Man, Cult. Trees & Shrubs 
641. 1927; ed. 2, 654. 1940; Bean, Gard. Chron. III. 58 : 147. f. 47. 1915; 
Garden 79 : 182 /. 1915; Bowles, Garden 82 : 161. /. 1918; Chung, Mem. Sci. 
Soe. China 1 : 176. 1924; Osborn, Gard. Chron. III. 79 : 229. /. 113. 1926; 
Kirk, Brit. Gard. Flora 129, /. 45. 1927; Merr. Lingnan Sci. Jonr. 7 : 316, 
1931; Hand.-Maz. Symb. Sin. 7 : 383. 1931; Ganteau, Kev. Hort. 1932 : 95. 
/. 33. 1932. Siaokyuriis praecox sensu Diels, Bot. Jahrb. 29 : 475. 1900, non 
Sieb. & Zuee. Stachyiiriis Duclouxii Pitard ex Chung, Mem. Sci. Soe. China 
1 : 176. 1924, nomem nudum, syn. nov. Figure 11. 

A shrub, 3-5 m. tall, the branehlets dull brownish, with scattered whitish 
lenticels, glabrous; leaves chartaeeous to membranaceous, greenish and 
glabrous above, pale and glabrous and slightly pubescent along the midrib 
and lateral nerves beneath, soon glabrous, ovate to ovate-oblong, 6-12 cm. 
long, 2.5-7.5 cm. wide, the apex more or less abruptly long-acuminate, the 
base rounded to subeordate, the margins erenate-serrulate, the lateral nerves 
5 or 6 on each side, elevated and eonspicuouKS on both surfaces, the tertiary 
veins reticulate, subconspicuous to conspicuous on both surfaces; petioles 
1-2 cm, long; inflorescences 6-18 cm. long, sessile, the flowers yellow, sub- 
sessile or short-pedicellate, the bracts triangular-ovate, aeumiiiate, about 
2.5 mm. long, the bracteoles ovate, acute, about 3 mm. long; sepals ovate, 
obtuse, about 3.5 mm. long; ovary and style 6-7 mm. long, exerting the 
■ ■ . ■ ■ ■ ■ ■' ■ ' . ■■■■ ■ ' 
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petals, the stigmas capitate, distinct ; fruit globose, about 6 mm. in diameter, 
with or without persistent styles, short-pedicellate, the pedicels about 1.5 
mm. long. 

China: hunan: Hsinliwa, Hsikwansliaii, JS. Eandel-Ma^setti 582— 11763 ; Yi-eliaiig 
Hsien, Ping "^Toii Shan, W. T. T sang 23528. hupeh: no precise locality, A. Eenry s.n.; 
Icliang, E. H. Wilson 89, 125; Chang-yang Hsien, E. E. Wilson 192 ; Hsing-slian Hsien, 

E. E. Wilson 2556; Grian Gia-kou, W. Y. Chun 3585; Tan Shu Ya, W. F. Chun 4408 ; 
Siu Jeh-su, W. Y. Chun 4415; Patung Hsien, E. C. Chow 62. Szechuan : No precise 
locality, A. Eenry 5744; Chmig-hsien, W. E. Fang 506; Nanchuan Hsien, C. Boci ,4. 
Fosthorn 2000, W. P. Fang 1064; Kuan Hsien, W. P. Fang 2211, S. S. Chien 5117, F: T. 
Wang 20496, 20582 ; Lishui Hsien, W. P. Fang 20; Opien Hsien, W. P. Fang 7238, Y. S, 
Liu 1999; Mt. Omei, W. P. Fang 2292,2466, 2589, 2042, 2207, F. T. Wang 22219a, Y. S. 
Liu 1207, T. T. Yu 386, 448, S. S. Chien 5543; Hung-ya Hsien, W. P. Fang 7977, 8117, 
8518, 8626; Ma-pien Hsien, W. P. Fang 4607 ; Chenk-kou Hsien, W. P. Fang, 10049; 
Han-yuan, W. C. Cheng 649, 669; Mao Hsien, F. T. Wang 21942 ; Kwang-yun Hsien, 

F. T. Wang 22638; Ping-shan Hsien, F. T. Wang 22702; Ma-pien Hsien, F. T. Wang 

22857 between Alami and Ssuqueh, C. Schneider 927 ; between Oti and Quen- 

tin, C. Schneider 1389. sikang: Dzer-nar, Tsa-wa-rung, C. W. Wang 66318, 66356, 
66289, 66392; Kanting, near Wu Ya Ling, C. Y. Chiao 1741. yunnan: No precise local- 
ity, G. Forrest 10143, 10245, E. T. Tsai 57220, T. T. Yil 10259; Longki and Tchan-fong- 
shan, B. P. Delavay s.n. (holotype, photo, and merotype in AA) ; Suen-oui, E. E. Maire 
79 ; Cai-pou, E. E. Maire 146; Likiang, C, Schneider 2930, 3498, J. F. Bock 4059, 8059, 8541 ; 
Chao-tung Hsien, E. T. Tsai 50899 ; Cheng-lisiung Hsien, E. T. Tsai 52305 ; Ping-pien 
Hsien, E. T. Tsai 62297, 62613; Shang-pa Hsien, E. T. Tsai 54805, 59102, 56542; 
aii-tze-lo, E. T. Tsai 54189, 58558; Wei-si Hsien, C. W. Wang 62031, 63589, 62694, 
64055, 68084; Champutong, C. W. Wang 66682; Atungtze, Mt. Kakerpn, T. T. Yu 
10322 ; Shunning, Hila, T. T. Yu 16474; sonthern Chnngtien, Anangu, K. M. Feng 1011. 
KWEICHOW: Tsungyi Hsien, Steward, Chiao, # Cheo 32; Kweiyang, S. W. T eng 90041, 
kwangsi: Northern Luehen, Chufeng-shan, B. C. Ching 5782; northern Hin Y'en, Yeo 
Mar Shan, B. C. Ching 7154; Chuen Yuen, Z. S. Chung 82022. kwangtung: Lohchang 
Hsien, Y. Tsiang 1373, 1399; Yu-yuen, S. P. Ko 9192, 52562. PUKIEN: No precise local- 
ity, Eongk. Eerh. 2403; Pu-cheng, B. C. Ching 2503. (Also recorded from Shensi, 
Anhwei, Chekiang, and Kiangsi (Rehder l.c., Merrill, l.c.). 

INDO-CHINA: Tonkin, Chapa, A. Fetelot 5690. 

This species of very wide distribution is close to the common Japanese 
species 8. praecox Sieb. & Zucc., but may be distinguished hy the broader 
and more abruptly acuminate leaves, the relatively longer petioles, the 
shorter pedicels in the fruit, and the smaller fruit. The leaves of 8. praecox 
are more oblong and longer acuminate. 

A photograph taken by Professor Rehder from the type specimen of 
8tachyurus Ducloxii C. J. Pitard in the Paris Museum (Yunnan: Hay tien, 
Fr. Bucloiix 2367, March, 1904), which apparently has never been published, 
together with fragments of leaves and inflorescences, are found in the her- 
barium of the Arnold Arboretum. The name is listed in Chung ^s Catalogue 
of Trees and Shrubs of China (he.), probably being based on this particular 
piliotograph. The specimen is a flowering plant with juvenile leaves. It appar- 
ently represents 8. cJvmemis FraiLeh, 

StmJiyitrus chmeims is quite variable in the size, shape, and serration of 
the leaves. These variations, however, although manifest in some eases, are 
gradual and inconstant. The species as a whole is generally easily recogniz- 
able and distinguishable from otHer species. The following varieties are rec- 
ognized. , ' ' .7:7'. V ^ 
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10a Stachycrus chinensis Pranch. var. latus Li, \ar._nov. 

A t'vno sEeciei differt foliis plerumque latioribus. tenuun-hms, 6 /..) tni- 
lonois ^5-6 5 cm. latis, suborbicularibus vel ovatis, iiasi distni^t.* 
migbie crasse serrulatis, apiee abrupte acumiiiatis, ac-iunme o-8 mm. lon.c- 

CHlN-v -.nhavei: Ghiumvaalian, S. C. Sm, 1216. uon.vx : Sunsl>«a"^ 

Miao; /. ( 73 - ”4'r; n'.;;.: i;., 

bIIchjja^: Nanchuan Hsien, C. Y. Bwanfi IV. P. Fang 
ml' 1^^5528; Cheng-koa Hsiea, W. F. Fang lOSOB. 

This variety is found in the provinces aloup the 
nv+lfnf it The tvpical form of the species is ionnd mainly 111 the soi thun 
The H™ ...d Anhwei epeeime™ ef .hie variety ere vlejn y .1 , t . 

+ -f-i-Am the tvnical form, while plants from western Hupeh ami ^ /a 
where^the^tvpical form is also located, are in some instaiiees Avitlmu. 

' pTsWirdiSnSiS The typical form, occurring in the south, is nea.^ 
ITl kimllaicus Hook._f. & Thomson botti geograph u-dly and structural^ 
hi the shape and serrations of the leaves than this Aarut^ . • ^ ^h'uie 

Tt r^Anld be mentioned in this connection that s]>eeuiiization in tlu. . ^ _ 

It conid be is elearly traceable, as illustrated 

hv^thefeures from S'. himalaicus, with oblong-ovate, acuminate finely ser- 
lllTef^eftTs cLensis, then to S. chinenm var. Mu. and 7 /^'; ^ 

cZiZus, finally to S. retusus, with orbicular, emargniate. cm date 

leaves with much coarser serrations. 

lOb. Staghyiirtjs chinensis var. 1^7 lon«ds” 5 5-6-5 

a“um£e liZri, 1-1.5 cm. longo, 0.3-0.5 cm. lato, luterdum nullo. 

china: SZ.CHUAN: West of Wen-cliuan Hsieii, W. P. Fang 20046 (tyce), May 21, 
1931. 

11 . STACHYURUS RETUSUS Yang, Coutr. Biol. Lab. Sci. China 12: 105. 
pi. 6. 1939. y^^u^e braneblets dark olivaceous, covered sparsely 

with 4 ite ienticels; leaves ’chartaeeoiis |reen,li^^ 

the margins serrulate, terth obtuse, ^ surfaces, tlm 

5 or 6 on each side, ascending, ^ if aces • petioles 1.5-2.3 cm. 

tertiary veins reticulate, pSn£ siibsessile. the 

long; inflorescences ® + o mm loni^aciimiiiate, the bracteoles 

s..ovt, .Ee 

as being densely covered with white 
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above cited specimen, but which may be present on younger specimens and 
falling' off in age as in some other species of the genus. The specimen cited, 
collected from the type locality, bears also immature racemes like the type 
and therefore no additional data could be added. The leaves are more or less 
chartaceou|, in size and serration closely resembling those of 8. chmensis; 
the general shape resembles especially that of var. lahis. Apparently the leaf 
represents further specialization resulting in the disappearance of the 
acumen of var. cuspidahis. Occasionally an emarginate leaf like that of this 
species can also be found on a few specimens of S. chinensis. More material, 
particularly mature flowering and fruiting specimens, is needed for study 
in order to decide whether it is best to treat this as a variety of S. chinensis 
or to retain it as specifically distinct from the latter. 

12. Stachyurus ovalipolius Nakai, Jour. Jap. Bot. 15: 534. 1939. 

A shrub, 3~6 m. tall, the branches pale brownish to red-brownish ; leaves 
ovate to broadly ovate to cordate-ovate, green and glabrous above, pale and 
spars^y pilose along the nerves or glabrous beneath, 7-12 cm. long, 5-7 cm. 
wide, th€ apex cuspidate, the base rounded or cordate to truncate, the mar- 
gins coarsely mucronate-serrulate ; petioles 1-5 cm. long; inflorescences 
racemose, dioecious, the male 7-12 cm. long, the female 3-7 cm. long, gla- 
brous, the bracts deciduous; sepals and petals 4, distinctly imbricate; 
stamens 8, in 2 series, in male flowers 6-7 mm. long, in female flowers 3 mm. 
long, the anthers ovate-rounded ; ovary ovate, the base pilose, the style 2-2.5 
mm. long, the stigmas capitate; fruits about 15 mm. long, oblong to oblong- 
pyriform, with persistent style. 

This species is described by Nakai from Hondo, Japan, and based on 
seven collections (Prov. Sagami, Enosima, T, Nakai s.n., 2 coll., Tasu-iti 
Momiyama s,n., 2 coll., Hayakawa, Kiyotaka HisanU s.n.; Prov. Izu, Osima, 
T. Nakai s.n.; betw^een Yawatano and Naramoto, T. Nakai s.n.). No specimen 
has been seen by the writer. Nakai mentions: 'Affinis >8. praecox et 8. Matsu- 
zakii, sed a priori foliis saepe cordato-ovatis grossius serratis, floribus viri- 
dulis vel viridi-flavascentibus majoribus, fructibus oblongis vel pyriformi- 
bus; et a posteriori caule fruticoso, foliis brevibus cordato-ovatis distinctus 
est.’’ Again at the end of the description he notes that ^^this is a coastal 
plant, easily distinguishable from 8. praecox by its more vigorous growth, 
more reddish branchlets, larger shining leaves, longer spikes, and larger 
paler flowers.’' Prom Nakai 's original description, the species appears to be 
particularly close to 8. Matsnzakii Nakai. As no specimen is available for 
study, this species is not incorporated in the key. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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THE SEPARATION OF ERIGERON FROM CONYZA ■ 
Arthur Cronquist 

Tlie preparation of a revision of the North Ameriean speeies ot Eritfi ivni, 
ill which I am cinmently engaged, necessitates a earefiil delimitation ol' the 
geims. As is well known, it passes on the one hand into sUfcr and on the 
other into Comjm, In distinguishing it from Aster, I have found necessary 
only minor changes, involving individual species. Its jiresent separation 
from Comjza is ninch less satisfactory, however, and merits detailed con- 
sideration. 

The genus Conyza, as now commonly treated, differs from ErUjeron in 
having no liguies at all on the numerous multiseriate pistillate flowers. This 
despite the fact that Bentham and Hooker^ admit that Conifza may'^some- 
times have narrow liguies shorter than the styles, and indicate that (\ 
absinthiae folia DC. sometimes has short liguies and sometimes lacks them. 
Bentham,^ in a classic paper on Com'positae, says: ^‘To distinguish, howeve!*, 
Com/yza and Erigeron from Aster, we have but little besides the increase in 
number and reduction in size of the female florets, which in Erigeron, 
although they have still the corollas produced into a ligula, liave that ligiila 
alwa.ys very narrow, and often short; whilst in ComjzaAhe^e corollas are still 
further reduced to a filiform tube, shorter than the style, toothed or truncate 
at the top, the ligula remaining undeveloped.” A few images farther on he 
says of the female florets of Conyza, ‘‘rarely producing a small scarcely 
spreading lignla.” 

The genus Erigeron usually has numerous central hermaphroditic flowers, 
and from few to nuinerons pistillate flowers with, well-developed liguies. In 
some speeies the liguies are short or even absent, but the heads seem otlier- 
wise unaltered. The tubular pistillate corollas merely lack liguies. Several 
ordinarily ligulate speeies have eligulate forms of this type. 

In the section Trimorphaea (included in Eiicrigeron by Bentliam), the 
most common si^ecies of which is E, acris L., the corollas of the outer pistil- 
late flow^ers are very slender and bear short Aliform liguies which sometimes 
do not exceed the pappus. Usually there is an inner series of pistillate flowers 
with no liguies at all. Here we have an obvious approacdi toward the Conyza 
type, there being needed to complete the transition merely the disai)pear- 
ance of the already filiform and short liguies, and soffie decrease in the 
number of central hermaphroditic flowers. Trimorphaea is inextricably 
bound to Erigeron, however, by the obvious evolutionary line of E. simj)Iex 
Greene, E. uniflorus L. (sensf lat,), and E, alpinus L., in which E. simplex 


1 Gen. Plant. 2(1) : 283. 1873. 
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is tTiie E rig er on ^ E, alpimis is Trimorphaea, and E. iimfiorus is somewhat 
intermediate. 

The next step in the progression toward is furnished by the sec- 

tion Coenoim, the most common species of w^hich is E. canadensis L. The 
generic nahies Lepiilon Kaf. and Conyzella Eupr. have sometimes been used 
for this group by those who were unwilling to include it m Erigeron but not 
bold enough to transfer it to Conyza. Coenotus differs from Trimorphaea 
in having the central hermaphroditic flowers usually fewer, the pistillate 
flowmrs comparatively more numerous, and the ligules reduced so that to 
casual inspection the heads appear discoid. In the words of Asa Gray,^ the 
narrow ligule is ‘'always shorter than its tube, often shorter than the style 
branches, or even obsolete.’’ Be it noted again that Bentliam and Hooker 
allowed the presence of ligules shorter than the style branches in Conyza, 

Tfee differences between Coenotus and Trimorphaea are not great, but the 
species ^f the two groups do not seem intimately related. E. canadensis^ the 
most nearly bridging species of the section, is scarcely conf usable with any 
species of Trimorphaea. Although it is reported to produce a sterile Ip^brid 
with E. acris,^ no one familiar with the two species would consider them very 
closely related. 

From Coenotus to true Conyza, with no ligules at all, is an easy step, as 
Gray^ further indicates by the statement, "with the aspect of Conyza, and 
passing into that genus.” 

Superficially, it seems reasonable to include in Erigeron all the species 
wdiieh have any ligule at all, and restrict Conyza to the entirely eligulate 
species. This has been the general practice, despite the fact that Bentham 
and Hooker admitted to Conyza some species with tiny ligules. Unfortu- 
nately, the resulting generic segregation is highly artificial. Species which 
are obviously related to true Conyza species, and which have every external 
appearance of Conyza, are found to have tiny ligules, and are thus placed in 
Erigeron. We have Erigeron niicroglossus Blake,^ the describer of wdiich 
said, "The species, although of Conyzoid appearance, is technically a true 
Erigeron in the presence of a definite although minute ligule.” The ligule 
is described as being 0.3 mm. long 1 We have Conyza mima Blake, of which 
Blake said, "The species is named from its great resemblance to Erigeron 
suhspicatiis Benth., a resemblance so close that except in technical characters 
of the head the two species can scarcely be distinguished.” We have the 
paired species Erigeron gnaphalioides HBK. and Conyza gnaphalioides 
HBK., much confused in herbaria and distinguished chiefly by the fact that 
the former has tiny ligules. Conyza Coulteri Gray is similarlj^ confused with 
E. Schiedcanus Less., for which Gray himself at first mistook it, 
sSyn. FI. N. Am. 1(2): E20. 1884. 

4 Vicrliapper, F. MouograpMe der Alpinen JErigeron — Arten. Europ‘is und Vor- 
derasieiis. Beili. Bot. CentralbL 19(2) : 385-560. 1906. 

^Coiitr. Gray Herb. li. 3(52) : 16-59. 1917. 
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^ CRONQUIST : . ERIGERON ANB CONYZA 631 

Deseiiptioiis of new tropical species; of Coiiyzoid aspect, but referred tci 
Erigeron because they possess minute ligules, continue to a|)pear interiuit- 
teiitly in scientific journals. Long-accepted species of Congm. (e.g.^ Cauirji 
fiotohellidiastrimi Griseb.) are transferred to Erigeron because tlu'^ oiitc]* 
florets are found to possess minute ligules. The Gray Heibarium fard Itidi-x 
lists an even dozen South and Central American specues of (Umgia tfmt have 
been transferred to Erigeron. No doubt a thorougii inspection of the genus 
would reveal that other plants still reposing peacefully as species of (Uyngiu 
possess more or less definite ligules. Furthermore, it seems not unlikel\' that 
field study of species now known chiefly from herbarium sheets wouhl show 
some of them to be not entirely constant in the matter of liguit‘s, plaiung 
them in company with C. ah sinthiae folia. 

If our taxonomic system is to be merely a series of convenieid pigeonholes 
whereby plants may be catalogued, we may well distinguish Erigero^mhxnu 
Conyza by the presence of a ligule, even if it be microscopic. We should then 
dismember the species which may or may not have ligules, placing the ligu- 
late individuals in one genus, and the eligulate individuals in the other. If, 
however, we hope to arrive at a natural arrangement, we must seek farther 
for our distinction. 

Ill surveying the numerous species which link true Erigeron to true 
Congza^ we find that in only one place is there any suggestion of a real break. 
That is between Trimorphaea and Coe not us. Here at least we are not redu(*ed 
to separating into different genera species which are almost indistinguisha- 
ble. I therefore propose that the section Coenotus be transferred in toto to 
Conyza, and expanded to include all the species of the genus which ordi- 
narily possess ligules. 

Conyza and Erigeron are redefined as follows: 

Conyza: Central hermaphrodite flowers few; pistillate flow^ers numerous, 
with filiform corollas; ligules, if present, ineonspicuous; shorter than the 
tubes and scarcely if at all exceeding the pappus. 

Erigeron: Central hermaphrodite flowers many, or sometimes rather fcnv; 
pistillate flowers few to numerous, sometimes with filiform corollas, but then 
the outer at least with definite ligules equalling or surpassing the pa])pus. 

Even as redefined, the two genera are not sharply distinct, as Avill be 
noted from the foregoing characterizations. In America, little or no trouble 
will be encountered in placing any particular species in the proper genus. 
In the old world it may sometimes be more difficult, for it is there that the 
section Trimorphaea reaches its greatest development. I believe that the most 
satisfactory procedure, in any doubtful case, will be to refer the species in 
question to the genus to which its nearest relatives belong. In some cases this 
may necessitate considerable study, but the result will be a more nearly 
3iatural delimitation of the genera involved. Precisely the same type of situ- 
ation exists in distinguishing Erigeron from Aster. It has already in some 
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cases been met in the fashion here proposed, by referring the species to the 
-enus to which its nearest relatives belong. Erigeron peregnmis (Pursli) 
Greene, for example, is correctly treated by almost all modern American 
botanists as being an Erigeron rather than an Asier, because it is closely 
related to tindoubted species of Erigeron, although on the basis of technical 

characters it might better be placed in Asier. ^ 

Some minor points which may have some bearing may be mentioned. The 
-enus Conyza is largely tropical, and according to Bentham (2), “ranges 
over the warmer regions of Asia, Africa, and America.” Further, Bentham 
“Etierigeron . . . belongs to the northern hemisphere, and is chiefly 
mountainous. . . ■ Coenoiws, the section which passes into Conyza, is now 
pretty nearly cosmopolitan, and like Conyza, overruns tropical as well as 
temperate regions, the preponderance of local species being African as weU 
as American. . .' . The well known F. canadensis . . . is almost intermedi- 
ate betiwenCocnoi«s and Euerigeron.” Thus we see that in distribution 
Coenotus is more nearly like true Conyza than like true Erigeron. The weedy 
habit of E. canadensis is quite in keeping with that of some species of true 
Conyza. Furthermore, the species (E. canadensis) Avlamli is most nearly 
intermediate between Coenotus and true Erigeron is certainly of Conyzoid 
aspect, and does not seem closely related to any species of undoubted 

Erigeron. . . 

I shall publish formal transfers for only a few American species. ^ The 
rest I leave to others who may be more conversant than I with the individual 
species concerned. 


Conyza araneosa (Urb.) Cronquist, comb. nov. E. araneosus Uib. fejnib. 

Antill. 3:404. 1902. ^ ^ . . 

Conyza bonariensis (L-) Cronq^nist, comb. hoy . iondTiefisis L. &p. PI. 

863 1753. 

Conyza canadensis (L.) Cronquist, comb. nov. E. canadensis 1j. Sp. PI. 2. 
863 1753. 

Conyza confusa Cronquist, nom. nov. E. gnaphalioides HBK. Nov. Gen. 4: 

8S. pi. 331. 1820. Conyza gnaphalioidesUBK. , „ „ 

Conyza eriophylla (Gray) Cronquist, comb. nov. F. enophyllus Gray, PI. 
Wright 2: 77. 1853. ■ . , , 


vvrigni. II. xoo^. . _ T,i 1 

Conyza microglossa (Blake) Cronquist, comb. nov. E. microglossus Blake 

Contr. Gray Herb. 11. 3(52) : 31. 1917. _ Y , 


Contr. Gray Herb. 11. 3(52) : 31. 1917. 

Conyza parva Cronquist, nom. nov. F. pusUlus Nutt. Gen. 2: 148 . 1818 . Aot 
Conyza pusillaB.BK. . 

Conyza ramosissima Cronquist, nom. nov. E. divancatus Michx. Inor. Bor.- 
Am. 2: 123. 1803. Not Conyza dwancate Spreng. 

Conyza Schiedeana (Less.) Cronquist, comb. nov. E. ScMedeanus Less. 

Linn. 5 : 145, 1830. 1 + 

Conyza subspathulata Cronquist, nom. nov. F. spathulatus Vahl. in w est. 
Bidrag Ste. Croix. 303. 1793. Not Conyza spathiilata Hornem. 
Department op Botany, University op Minnesota 

Minneapolis, Minnesota , ^ 
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SUPPLEMENTARY NOTES ON THE AMERICAN SPECIES OF 

ERYTHRINA— II 

B. A. Krukoff 

Tliroiigli the courtesy of the curators of the hotaiiieal iiistitutious men- 
tioned below I was privileged recently to study their collections of Erijihrhia, 
Many of these collections are not represented by duplicates in American 
and European herbaria. Extensive collections of Erythrina by Drs. Paul C. 
Standley and Julian A. Steyermark recently made in connection with their 
work on the flora of Guatemala also became available to me. 

Dr. Karl Folkers, Mr. J. Shavel, Jr., and Mr. F. Koniuszy of the ly^erek 
Research Laboratory have continued their studies of the alkaloids, derived 
from seeds of various species of Erythrina (1, 2, 3) whereas Dr. E. S. Harrar 
of Duke University has recently undertaken a study of the wood anatomy 
of species of this genus. In connection with these studies a number of speci- 
mens have been received for identification. 

The collections examined extend our knowledge of certain species pre- 
viously known from incomplete material, and extensions of ranges are noted 
for a number of species. No changes in the nomenclature are necessitated. 

The species are arranged in the same order, and the place of deposit of 
specimens is shown by the same abbreviations as used in my previous papers 
on Erythrina (4, 5). The following new abbreviations are used: 

Geor : Georgetown Botanic Garden, British Guiana. 

Trin : Trinidad Botanical Garden, Port of Spain. 

OR: Museo Naeional de Costa Rica, San Jose. 

Cuz : Universidad del Cuzco, Peru. 

1. Erythrina GLAucA Willd. 

Trinidad: cultivated: Bot. Gard. Trin. 8353 (Trin). Costa Rica: Pimta- 
renas: Brenes 3855 (CR). Panama: Canal Zone: White £' White 62 (M). 
Panama: Allen 1628 (GH, M). Colombia: Valle del Cauca: Ramos Nunez 
s.n. (Kr. Herd. 15191). Riiila: Plata Garcia 45 (Col). Venezuela: Cara- 
bobo: L. Williams 12336 (F). Apure: L. Williams 12961 (F, NY). Federal 
District: Tamayo 1284 (F, NY); Brother Elias 138 (A). Bolivar: i. Wil- 
liams 12560 (F, NY, A). Ecuador: Guayas: Mille s.n. {Kr.TIerh.^ 15350). 
Peru: Loreto*. Fernandez s.n. (Kr, Herh. 15255). British Guiana: Deme- 
rara: Jenman 3946 (Geov), 

Local names : Porotillo (Ecuador) ; Pisamo (Colombia). 

The Brenes’ specimen is the first record of the species from the province 
of Puntarenas, the Williams’ specimen — from the State of Apure. The col- 
lector states on the label (Tamayo 1284) : “Las flores son comidas por los 
pajaros llamados ^arrendajos’. Habiendo leido no se si en la relaeion del 
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g'oberiiador Pimentel (15. . ) qne los Indios clel valle de Caracas comian la 
flor del biicare.’^ 

2. Erythrina crista-galli L. 

Trinidad: cultivated: Bot, Gard. Trm. 12729 (Trin). Costa Eica: San 
Jose: cultivated: /. Valerio 1398 (CR). Argentina: Sant ini sm. {Kr. Herh. 
15233). Tueummi: Meyer SM, {Kr. Herb. 15098). 

3. Erythrina palcata Benth. 

Peru: Cuzco: C. Vargas G. 2943 (Cuz). Brazil: Minas Geraes: Mello 
Barreto 1999 (P). Argentina: Buenos Aires : cultivated : Thays s.n. {Kr. 
Herb. 15396) . Sslisi: Meyer 35390. 

4. Erythrina PoEPPiGiANA (Walp.) 0. P. Cook. 

Trinidad: cultivated: Bot. Gard. Trin. 1332 (Trin), 757J (Trin), 11947 
(Trii:^, 13325 (Trin). Nicaragua: Managua: cultivated: Gamier s.n. Costa 
Eica: Cartago: cultivated: Jorge Leon 769 (CR). Colombia: Valle del 
Cauca; ^amos Nnnez s.n. {Kr. Herb. 15192). Boyaca: Gnatrecasas 9676 
(US). Putumayo: Guatrecasas 11372 (US). Venezuela: Carabobo: L. Wil- 
liams 12832 (in part, P). Pederal District: Tamayo 1285 (P), 1309 (NY, 
US). ■ 

The Cuatrecasas’ specimens are the first record of the species from 
Boyaca and Putumayo. 

6. Erythrina Dominguezii Hassler. 

Argentina: Jujuy: Fawcett s.n. {Kr. Herb. 15394). Chaco: A. Schnlz 
s.n. (Kr. Herb. 15126), s.n. {Kr. Herb. 15378). 

The Pawcett specimen is the first record of the sioecies from the province 
of Jujuy, 

7. Erythrina VERNA Veil. 

Brazil: Maranhao: Froes 11909. Bahia: Froes 12664. 

This is the first record of the species from the States of Maranhao and 
Bahia. 

9. Erythrina speciosa Andr. 

Brazil : Rio de Janeiro : (US) . 

12. Erythrina EDULis Triana. 

Colombia: Antioquia: Robledo s.n. {Kr. Herb. 15158). Caldas: 

Nunez s.7i. {Kr. Herb. 15190) . Fm>v : Cajamarca: St orU & Horton 10150 
(P). Huanuco : Stork & Horton 9851 (P). Apurimac : Stork & Horton 10705 
(P). /A 

Local names: Poroton (Ecuador) ; Pajurro (Peru). 

This is the first record of the species from the Department of Cajamarca. 

13. Erythrina breviplora DC. 

Mexico.* Michoacan : Martinez s.n. {Kr. Herb. 15346) ; Leavenworth 1914 
(M). Morelos: Martinez s.n. {Kr. Herb. 15379). 
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14. EEYfHRINA LfePTORHIZA DC. 

Mexico : Mexico : Einton 1540.2. 

16. Brythrina MONTANA Rose & Standi. 

Mexico: Sinaloa: d^5.9 ( GH, NY). 

This is the first record of the species from the State of Siiialha. 

18. Brythrina PALLIDA Britton & Rose. 

Trinidad: Bot. Oard. Trin. 2831 (Trin), 10557 (Triii), 10896 (Trin'K 
11186 (Trill), p324 (Trin), 13330 (Trin), 13332 (Trin); Briifon 2656 
(type coll., Trin) ; Brition & Hazen 230 (Trin) ; l)can .s.r. (Jir. Herb, 
15183). 

19. Brythrina MiTis Jaeq, 

YexezveijA: CM^shoho: L. Williams 12471 (US). 

23. Brythrina AMAzoNicA Krukoff. ^ 

Colombia : Putumayo : Ciiatrecasas 10647 (US), 11212 (US). » 

This is the first record of the species from Colombia. 

25a. Brythrina Corallodendrum var. bicolor Krukoff. ; 

^r.LvciA: Ward s.n. (Kr. Herb. 15202). 

26. Brythrina cuBENSis C. Wright. 

Cuba: Pinar del Rio: Actina s.7i. (Kr. Herb. 15361). 

27. Brythrina HERBACEA L. ^ 

U. S.: Texas: Parks s.n. (Kr. Herb. 15257), s.fK {Kr. Herb. 15258), s.n. 

(Kr. Herb. 15299), s.n. {Kr. Herb. 15578). Florida: Wilmot s.n. {Kr. Herb. 
15790) \ Killip 32874 {Ay. Mexico: Tamaulipas: 10564 {Herb. ^ 

Vniv. Utah). OdixeLca.: Mexia 9302 (P, M). t 

28. Brythrina coralloides DC. J 

Mexico: San Luiz Potosi: 682 (M). Hidalgo: Gotta m 10491 

{Herb. Unw. Utah). 

29. Brythrina PLABELLiFORMis Kearney. ^ 

Mexico* Sonora: Wiggins 7354 (A) ; S. White 3126 (6H), 

" ' ' " ■ ' ■ ' ' ' ' ' ' ■ ' 

30. Brythrina LANATA Rose. ( 

Mexico iMiGhoaem: Leavenworth (& Hoogstraal 1.399 (M). 

32. Brythrina Berteroana Urban. 

Guatemala.* Quezaltenango : Steyermark 33665 (P). Retalhuleu: Stand- 
ley 87847 (F), 87872 (P), 87883 {¥), 88413 (P), 88562_ (P), 88701 (P). 
Suehitepeqixez : Rosengarten s.n. (Kr. Herb. 1.1141). Chiquimnla: Stcyrr- 
mark 30932 (P). Santa Rosa : Standley 78328 (P). Jntiapa: Standley 75731 
(P), 75799 (P) ; Steyermark 30382 (P.) Costa Rica: Guaiiaeaste: Jorge 
Leon 961 (CR) ; Brenes 12621 (OR), 15507 (CR). Pnntarenas: Brews 
22801 (CR). Alajuela: Brenes 15042 (CR), 17002 (CR) ; Krukoff 3a. San 


I 


636 BULLETIN OF THE TORREY CLUB ^ CVdL. 70 

r , 

Jo^e: Skutch 4024 (M). Panama: Panaina: Allen lOB'l (P). /Pliiriqui: 
Davidson 736 (A). 

This is apparent^ the first record of this common and widespread species 
from the Departments of Suchitepequez, Chiquimnla and Jutiapa. 

32a, Erythrina guatemalensis Krukoif. 

Guatemala : Suchitepequez : Eosengarten s.n. (Kr. Herh. 15124). 

The species has been hitherto known only from Baja and Alta Verapaz. 

33. ErYTHRINA AMERICANA Mill. 

U. S. : Alabama : enltivated: f Parks s.n. (Kr. Herh. 15298). Texas : eiilti-- 
vated: f Parks s.n. {Kr. Herh. 15300), f s.n. {Kr. Herh. 15301), f s.n. {Kr. 
Herh. 15302) . Mexico : Morelos : Krukoff la. Oaxaca : Mariinez-C alder on 51. 

34. Erythrina Standleyana Krnkoff. 

Cuba: Pinar del Rio: AcnMa s.n. {Kr. Herh. 15403). 

37. Erythrina rubrinervia H. B. K. 

Colombia : Caldas : Ramos Nunez s.n. {Kr. Herh. 15193) . Cundinamarca : 
Quintero s.n. {Kr. Herh. 15234). 

Local names : Chocho Colorado (Colombia). 

38. Erythrina mexicana Krukoff. 

Mexico: Oaxaca: Mexia 9234 (F). Guatemala: San Marcos: Giesenumn 
s.n. {Kr. Herh. 15129), s.7i. {Kr. Herb. 15365). Quezaltenango : Steyermarh 
83556 (F), 33722 (F). Nicaragua: Granada: Grant 870. 

This is the first record of the species from Nicaragaia. The Guatemalan 
specimens were collected at altitudes of 1300-1500 meters. Dr. Steyermark 
states on the labels of his specimens: ‘^Leaves silvery beneath, olive green 
above, corolla bright red, calyx dull red.’’ 

39. Erythrina lanceolata Standi. 

Costa Rica: Alajuela: Brenes 5892 (CR), 11576 (CR), 13200 (CR), 
13201 (CR), 13461 (CR), 15006 (CR), 18938 (CR), 21842 (CR), 21989 
(CR)..Cartago: Dankest er s.n. {Kr. Herh. 15377). 

41. Erythrina gibbosa Cufod. 

Costa Rica*. Alajuela: Krukoff 2a; Brenes 4034 (CR), 4113 (CR), 4866 
(CR), 5755 (CR), 9364 (CR), 13202 (CR), 20625 (F). Cartago: Krukoff 
5a. Panama: Bocas del Toro: Woodson et al. 1930 (A) ; von Wedel 578 (M), 
1196 (M). Chiriqui: Woodson et al. 913 (A). Code: Allen 110 (A). 

Local names: Poro de montana (Costa Rica). 

On my recent trip to Costa Rica I became acquainted with the species in 
the field. It is a very spiny small tree, usually 20-25 ft: high and is common 
along streams on elevations above 1000 meters, at least in the region of Tur- 
rialba (Cartago) and in the reg]on of Buena Vista (Alajuela). At the time 
of my visit to Costa Rica (August) the majority of trees were in flower and 
a few had immature fruits. Seeds are uniformly scarlet. The species has been 
hitherto known in Costa Rica only from the provinces of Alajuela, San Jose 
and Limon. 
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42. EryIhrina pInamensis Standi. 

Panama,,: Bocas del Toro: von Wedel 1766 (,M). Cai,i,ai Zone: 

Broiim 16 {¥).Jym6Qj\: Terry 1413 {K,¥,W). 

43. Erythrina costaricensis M. Micheli. 

Costa Eica: Giianacaste: Brenes 15636 (CE). Aiajuela: Iimkoff la. 
Cartag‘ 0 : Jorge Leon 558 (CR), 768 (CE) ; Kriikoff 6((, 7(i, 8a. 

This large forest tree, often up to 80 ft. high, is eoiuinou along streams 
on elevations below 1000 meters at least in the region of Buena Vista m\la- 
jiiela). 

45, Erythrina macrophylla DC. 

Guatemala: Quezaltenango : Siandley 87066 (P), 

Standley notes on the label : “Rocky open hillside ; alt. 1200-1400 im ters ; 
small tree, common; flowers bright red.’ ^ 

50. Erythrina velutina Willd. ^ 

Trinidad: (3ultivated: Bot. Gard. Trin. 1004^ (Trin). Vexi:zuki!a: Cara- 
bobo : I/. (in part, P). 

The New York Botanical Garden 
New York 
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THE NORTH AMERICAN VARIATIONS OF 
DISTICHLIS SPICATA 

Alan A. Beetle 

The genna Distichlis of the Gramineae (tribe Pestiiceae) presents an nn- 
nsiial problem among the grass genera of North America because of its 
clioeciousness. Tlie members are primarily grasses of alkaline situations, 
hence the common name '‘salt grass/’ This author recognizes three species 
in North America, Distichlis spicata (L.) Greene (a complex consisting of 
several well marked geographical varieties), D. texana (Yasey) Scribn., and 
D. pabneri (Vasey) Fassett. These last two are so easily distinguished by 
their large size and long spike! ets as to need no further discussion here. Out- 
side of N#3rth America the genus is represented by B. distichophylla (Lab ill.) 
Fassett in the south Australian area, in South America by Distichlis spicata 
where again it seems to be broken up into well-defined geographical varieties, 
and by D. scoparia (Kiintli) Arech. 

Rafinesque (1819) first proposed Distichlis, separating it from Bniola 
and Festnca and including D. maritima (D. spicata) and D. nodosa (also 
B. spicata). For nearly a century most botanists were content to call all the 
North American material of this complex one species, whether found on the 
Atlantic coast, on the Pacific coast, or inland in the dry basins of the West. 
That the species TJmola stricta of Torrey (1824) was but a variety of D. 
spicata was reasoned many times over a long period by Gray (1871 as 
Brizopyrmn), Thurber (1880), and Scribner (1894). Recently there has 
been a tendency to find specific differences between B. strict a and D. spicata; 
see Rydberg (1909), Fassett (1925) and Hitchcock (1935). Most of these 
studies were carried on with reference to a limited amount of California 
material. It was the additional evidence from this polymorphic group which 
made the present study seem worth while. 

Fassett (1925) has built up the best case for the maintenance of Bistb 
cJihs stncta (Torr.) Rydb. as a species. In his treatment he confines P. 
spicata to the east coast of North America and the Puget Sound region while 
the rest of the North American material, whether inland or on the California 
coast, is called D. strmta. His separation is as follows: 


TK spicata 
comx)aet x>amcles 
10-20 spxkelets 

9 apikelets slightly firmer than the stami- 
na te 

spikelets 4-9-, rarely 12-fiowered 
lemmas 4.o~7.8 mm. long (except in a few 
plants) 


D. strieta 
more open panicles 
16-24 spikelets 

9 spikelets firm and coriaceous, the stami- 
na to papery 

spikelets 6- to 18-flowered 
lemmas 3.2—5 mm. in length 
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P. spicata 

grain 2 mm. long, ovoid, and not mueli 
narrowed below the two beak -like styles 

leaves smooth- edged and blunt or oblique 
at the tip 
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grain 2.5-5 mm. long, narrowed to an at- 
tenuate style, whieh is ,s<imetimes s|dil, 
but hardly into two distinet styles 
leaves sharp-pointed and serrate at tlu‘ tip 


That dentata Eydb., ‘'described as dilfering from 1), spiraiu 

and D. stricta in having broader leaves, spikelets, glumes and ])aleas and 
dentate keels on the paleas/' differs “only in degree'’ Avas eomd tided by 
Fassett, and has recently been corroborated by Reeder (1943). This ('omdu- 
sion is again reached here but it is further maintained that the diffetaumos 
between D. spicata and Z). stricta are not sufficiently constant to treat the 
entities as more than geographical varieties. 

There are no more compact spikes (either stamiiiate of pistillate) than 
those found in the material from coastal California; on this chara<der <ns well 
as leaf serration and tip, and achene measurement the material should fall 
with D. spicata^ but, as pointed out by Fassett (1925), the characters of the 
palea and lemma are closer to those of D. stricta. The ninn])er of spikelets in 
material from California has been found to vary from 3 to 60 in pistillate 
plants and from 3 to 20 in stamiiiate plants. The great variation in texture 
of both the palea and the lemma, usually correlated with the widtli of tlie 
base of the lemma, is recognized, but no pattern of discontinnity has been 
discovered. In general the plants which Hitchcock has maintained represent 
B. stricta as opposed to B. dentata have narrow spikelets with less firm 
lemmas and paleas and lack the eonspienously dentate palea Avings. There 
is certainly no dividing line. Some specimens from California arc no differ- 
ent in texture from those of the Atlantic coast. The number of florets in a 
spikelet in California material has been counted from 3 to 14 in pistillate 
plants and from 3 to 20 in staininate plants. The variation in both shape and 
size measurements of the grains is very coiifiising. Some of the seeds huve 
a slender attenuate' tip while others have an abruptly tiniucate tij), and 
every length between 1.5 and 3.5 mm. has been found in apparently' fully 
mature material from western North America. As a result of the foregoing 
it is concluded that D. stricta not specifically distinct from B. spicafa. 

In reaching this decision it is Hot sufficient to study only the North 
American material. There are thirteen independent names {D. amniohia, 
araucana^ liirta, humilis, laxiflora, margmata, mendocina, miscra, pros f rata. 
tenuifoUa, thalafssica, viridis, nolchnanni) for South American material, 
which, in light of the heavy conspecificity between the tAvo continents, have 
a definite bearing on the problem. That other botanists Avho have dealt Avith 
this South American material consider B. spicata a singb polymorphic 
species composed of many geograx)hical varieties is indicated by the combi- 
nations D. spicata NdiT. Jmmilis (Phil.) 0. Kuntze, var. manjmaia (Phil.) 0, 
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Kuiitze., var. thalassica (H. B. K.) Ktze., and D. sptcata var. mendocina 
Hack. Altliongli these varieties are considered to belong* to the same species 
as the North American varieties, they have marked differences, e.g., enlm 
pubescence, and as yet it has not been determined with certainty that any 
of the varieties occur on both sides of the equator. 

Actually it is not enough merely to decide taxonomically that all the 
strains of a complex comprise a given species. Often names for the entities 
in subspecific categories are very important. is one of the few 

perennial grasses of prostrate habit, spreading by rhizomes (or rarely by 
stolons) which is adapted to alkaline soils. In the west where large areas are 
alkaline, covers for air fields and playgrounds are important but difficult to 
establish. Although DisHchlis wall probably never be highly recommended 
for forage it seems that some of the strains are much more palatable if not 
more Nutritious than others. An analysis of the various California types 
seems therefore well justified from a utilitarian standpoint. 

Observations in the field tend to indicate that male and female plants 
oeeur with approximate frequency throughout the whole range, although 
often only one or the other is present in a limited area because of vegetative 
propagation. Although pollen is freely produced and pistillate plants flower 
abundantly, mature seed is seldom set probably because of (a) the separa- 
tion into male and female colonies, (b) the extreme xerophytic nature of 
the habitat 'which often does not allow suffieient time for full development. 
Of 332 North American collections of the DisticMis spicata complex avail- 
able for study, wdiich may be taken to comprise a random sampling, 143 
were pistillate only, 22 had both pistillate and staminate plants, and 167 
W'Cre staminate only. As noted by Reeder (1943) there is a noticeable pre- 
dominance of staminate plants in the J). stricia group. Where plants are 
only vegetative no way has been discovered to determine wdiether they are 
male or female, but it is usually possible to determine to what variety they 
belong on vegetative characters. Even the staminate and pistillate spikes, 
as mentioned by Hitchcock (1935), are very similar, usually differing to a 
marked degree only in the jialea. 

Stebbins and Love (1941) reported 2n~40 for Distichlk, the only 
chromosome number reported for California material. Holm (1891) was 
able to recognize as distinct North American entities, based on anatomical 
evidence, the following: D. maritima (Atlantic coast), D. maritima var. 
stricta (Nebraska), D. maritima var. laxa (Utah), ID. thalassica H. & K. 
(Lower California), I), prostrata (Mexico). This author is unable to ap- 
praise the significance of the rather incomplete data. 

California material of Distichlis often displays insect galls caused by the 
An', Chlorops (jramlnea Goq. 
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Since iiineh of the confusion in determining* plants in the past has been 
over staminate and pistillate plants it was decided here to t!*eat each 
separately. The plants were first separated arbitrarily into males and fe- 
males and then separated into units on the basis of the female plants onl\'. 
It was then considered significant that the male plants froni the same regicm 
had the same vegetative characters. 

In the preparation of this paper material from the following }ier!)ar!a 
has been examined: Agronomy Division Grass Herbarium (x\G), Ch^llege 
of Agricidtiire, ITniv. of California, Davis; Botany Department, [Adver- 
sity of California (UC), Berkeley; Dudley Herbarium (D), Stanford rid- 
versity; California Academy of Sciences. In tlie interest of brevity tiie 
source of the specimens except types will not be further specified. 

DISTICHLIS RAPINESQUE ^ 

Dioecious perennials; culms wiry, upright from strong, cr^^piug, or 
deeply-running rhizomes ; ligule short and evenly serrate; leaf-blades notice- 
ably, often stiffly 2-ranked, flat or somewhat involute; staminate spike ex- 
ceeding the blades, the blades usually equalling or exceeding the pistillate; 
spikelets in open or dense spikes, few to many flowered; glumes une(|ual, 
broad, 3-7 nerved ; lemmas closely to loosely inbrieate, 9-11 nerved, cori- 
aceous; palea usually a little shorter than the lemma, two keeled, serrate 
on the keels, often with a few long hairs on the back, the nerves sometimes 
excurrent; eaiyopsis brown; stamens 3. 

Plants pistillate 

Spikes congested, tlie sliort pedicels hidden, of uniformly 5-9 flowered 
spikelets 

Spikes narrow, culms strictly erect, never stoloniferoiis, often 3-6 
dm. long 

Outer glume 3 mm. long, second glume 4 mm. long; lemma ca. 

6-10 nerved 1. T), spicafa 

Outer glume 2.5 mm. long, second glume 3 mm. long; lemma ca. 

12-14 nerved 2. P. spieata var. horealls 

Spikes oval, culms usually y>rostrate, often stoloniferous, np to 3 dm. 

long 3. I). ,H‘picata var. siolonifrra 

Spikes of approximate hut rarely congested spikelets, the pedicels read- 
ily visible, the number of florets very variable (3”14) 

Leaves divaricate, culms and leaves rigid . 4. T). spicata var. divarieata 

Leaves mostly ascending, culms and leaves lax 

Blades long (1-2 dm,), equally spaced on the culm, often equal- 
ling or exceeding the spikes; spikelets 4-6 mm. broad 

5. 1>. npicaia var atricta 

Blades short, seldom 1 dm. long, usually crowded at the base, 
and exceeded by the spikes, spikelets 2-4 mm. broad 

Palea broadly winged at base, usually hairy on the back 

6. I), spicata y&Y. Mina 

Palea narrowly winged at base, glabrous on the back 

7. 1). ,spica1a var. mexwana' 

Plants staminate (a rudimentary pistil often present) 

Spikes congested, of uniformly 5-9-flowered spikelets, the blades usu- 
ally equalling the spike 




timas and paleas of tlie Disticlilis spicata complex, 
‘awn from Vancouver Island material. Fig. 2. D. 
mdberg 4' Leiberg 4-68, tlie co-type of D. dentata. 
from the type. Fig. 4. D. spicata var. stolonifera, 
icata var. mexicanaj drawn from the type. 


Figs. 1-5. Sa 
Fig. 1. D. spicaU 
spicata var. strict 
Fig. 3. D. spicata 
drawn from the t^ 
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Culms strictl.y erect, spikelets pale green or sliglitlj piirplisli 
Florets mostly 5-6 per spikelet; leaves 1-2.5 cni. apart on euliu 

usually 1 . j). .yH(‘ata 

Florets mostly 7-10 per spikelet; leaves 1,5-6 cm. apart on culm 

2. I), ,'ipirata %'ar. hurniii'^ 

Culms somewliat prostrate, often stolonif erous ; spikelets strongly, 

purplish. 3. D. spicata var. 

Spikes approximate but rarely congested; the blades not usually equal- 
ling the spike 

Leaves divaricate, culms and leaves rigid 4. I), spicata var. dh'av'uHiki 

Leaves mostly ascending, culms and leaves lax 

Blades long (1-2 dm.) ; spikelets 4-6 imn. broad ... 5. IL apieaia. var. ,slrwta 

• Blades short, seldom up to 1 dm, long; spikelets 3-4 mm, broad 

First glume 2 mm. long, second glume 3 mrn. long; anthers 2 

mm. long 6. 1), apienta var. nana 

First glnme 3 mm, long, second glume 4 mm. long; anthers 3 

mm. long 7. J). splcala var. mtj'ieana 

1. Distichlis SPiCATA (L.) Greene. 

Culms 1-6 dm. tali, slender, erect ; blades erect up to 1.5 dm. Idug, 1-2.5 
cm. apart on the culm ; equaling or exceeding the pistillate spikes and rarely 
exceeded by the staminate spikes ; pistillate spikes pale green, 1“6 cm. long, 
of 8-36 congested spikelets, these spikelets 5-9 flowered, up to but not ex- 
ceeding 1 cm. long, 4 mm. broad, the first glume 3 mm., second glume 4 mm. 
long, the lemmas 6-10 nerved, 3.5-4 mm. long, closely imbricate, the palea 
2-keeled, the keels minutely, evenly serrate, the 4 nerves often excurrent; 
caryopsis ca. 2 mm. long, somewhat truncate at the tip. 

Staminate spike pale green, 1-6 cm. long, of 6-30 congested spikelets; 
the spikelets 7-10 flowered, ca. 1 cm. long, 4 mm. broad, the first glume up 
to 3 mm. long, the second glume up to 4 mm, long, the lemmas 6-10 nerved, 
3 mm. long, the palea 2 keeled but otherwise nerveless, ca. 3 mm. long; 
anthers ca. 2-3 mm. long. 

Atlantic Coast of North America. 

Range: Coastal salt marshes, Prince Edward Island to Florida; West 
Indies ; Louisiana ; Texas. 

Since any of the collections made in this range may be considered repre- 
sentative of typical Distiehlis spicata (L.) Greene, no specimens will be 
cited.;,'^ 

2. D. spicata var. borealis (Presl) Beetle, comb, no v. 

Brizopyncm l)oreale Presl, Pel. Haenk. 1 : 280. 1830. 

Culms 2-4 dm. tail, erect; blades erect, exceeding the pistillate spikes 
and rarely exceeded by the staminate^ pistillate squkes pale green or sliglitly 
purplish, 2-6 cm. long, of 10-60 congested spikelets ; the spikelets ca. 1 cm. 
long, 4 mm. broad, 5-9 flowered, the fe/ets closely imbricate, the first glume 
2.5 mm. long, second glume 3 mm. long, the lemmas 12-14 nerved, 4.5 mm. 
long ; the palea 3.5 mm. long, evenly serrate on the keels, nerveless, the 
caryopsis ca. 2 mm. long, somewhat truncate at the tip. (Pigs. 1, 8.) 

Staminate spikes pale green or slightly purplish, 2.5-5 cm. long, of 6-30 
congested spikelets, the spikelets up to ea. 1 cm. long, 4 mm. broad, 5-0 
flowered, the florets closely imbricate, the first glume ca. 3 mm. long, second 
glume 3,5 mm. long, the lemmas 4.5 mm. long, 8-12 nerved, usually not 
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scabrous on the back, the palea 3.5-4 mm. long, serrate on the keels, nerve- 
less ; anthers ca. 3 mm. long. 

Type - Nootka Sound, Vancouver Island, Ilaenke. 

Female : British Columbia, Crescent Beach, JSastham 93^0, Cadboro Bay, Tineo in 
1894, Washington, Clallam Co., Elmer 1667 ; San Juan Co., Eoiish in 1919; Twin Island, 
Berg S£, King Co., Thompson 5232. Male: British Columbia, Sooke Harbor, Bineo in 
1898. 'Washington, Whatcom Co., Kitsap Co., Otis 16^5. 

Distichlis spicata var. lorealis is in many respects intermediate between 
the typical material on the east coast of North America and D. spicata var. 
stolonifera. The Puget Sound material has the tall erect habit of typical I? . 
spicata as well as the narrow spikes but in the purplish color of the spikes 
and many of the technical measurements suggests the var. stolonif era. 

3. D. SPICATA var. stolonifera Beetle, var. nov. 

Claims up to 3 dm. tall, often prostrate, with a strong tendency to pro- 
duce stolons ; blades erect, mostly 1-2 dm. long, the upper exceeding the 
pistillate^spike and usually equalling the staminate ; pistillate spike green 
or often strongiy purplish, oval, club-shaped, 1.5-5 cm. long, often 2 cm. 
thick, of 8-35 congested spikelets, the spikelets 5-9 flowered, closely imbri- 
cate, ea. 1 cm. long or rarely longer, 4 mm. broad, the outer glumes 2.5 mm. 
long, second glume 3.5 mm. long, the lemmas 5 mm. long, faintly nerved, the 
palea 2-keel ed, broadly winged lielow, wuth very hyaline margins, serrate on 
the keels above but smooth at the base, earyopsis ea. 2 mm. long, broadest at 
the base, slightly truncate at the tip. (Figs. 4, 12.) 

Staminate spikes green or often strongly purplish, 1.5-5. 5 cm. long, of 
6-20 congested spikelets often interrupted below, the spikelets 7-10 flowered, 
ca. 1 cm. long, 4 mm. broad, the first glume ca. 3 mm. long, the second glume 
ca. 3.5 mm. long, the lemmas 3.5 mm. long, faintly nerved and weakly 
scabrous, the palea subequal with or slightly longer than the lemma, the 
keels minutely, evenly serrate above, the margins hyaline, nerveless, anthers 
2.5 mm. long. (Fig. 7.) 

Culmi saepe prostratae, saepe stolonif erae ; spicae feminae viride aut 
saepe forte purpurascentes, ovatae, cum 8-35 congestae spiculae; spiculae 
cum 5-9 florae. Spicae masculinae viridae aut saepe forte purpurascentes, 
cum 6-20 congestae spiculae; lemmae circa 3.5 mm. longae; paleae sub- 
aequalae, bicarinatae. 

Type locality: near Ferndale, Humboldt Co., California (pistillate), 
July 30, 1899. J. B. Davy & W. C. Blasdale 6202 (UC). Co-type: Areata, 
Humboldt Co., California (staminate), June 17, 1899. J. B. Davy & W. C. 
Blasdale 5604 (UC). 

Female: California, Humboldt Co., Eureka, Yates 5S59 ; Marin Co., Point Eeyes, 
Bavif 6736; Contra Costa Co., Point Biehmond, Beetle 1752; Alameda Co., West Berke- 
ley, Davg 856; near San Francisco, 1527; San Mateo Co., Beetle 1888; Santa 

Cruz Co., Santa Cruz, Thompson in 1903; Monterey Co., Monterey, Elmer 4042 ; Orange 
Co., s. of Laguna Beach, Beetle 8099 , San Diego bo., Coronado, Chandler 5164. 

Male: Oregon, Netarts, Thompson $150. California, California, Humboldt Co., 
Eureka, StehMns 4' Church 8104; Mendocino Co., Fort Bragg, Davy 4' Blasdale 6125 ; 
Atarin Co., Davy 4039 ; Contra Costa Co., Wiesendanger 1534; Alameda Co., Hayward, 
Nixon in 1915 ; San Francisco, Bolomd$r 1527 ; Santa Clara Co., near Alviso, Dudley in 
1903; AXonterey Co., Del AXonte, Elmer 4042; knutn Barbara Co., Santa Barbara, Elmer 
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sm; Los* Angeles 6o., Pebble P>eacli, F osh erg 84475 ; Orange €o., s. of Lagima Leadi 
Beetle 3099. 

The most characteristic and strongly stoloniferoris material of this Tarii4 \" 
is fonnd at certain points along the coast, namely at Humboldt Bay, Sail 
Prancisco Bay, Monterey Bay and Orange County. MateriaPfrom* other 
points along the coast is less stoloniferons but agTees in tet'hnical points. 
In the coast hills and inland marshes there is a considerable amount oL' iuter- 
gradation, although most of this material is nearer to var. sfricia, 

4. D. spicATA var. stricta (Gray) Beetle, comb. nov. 

Bruopgrum epicatum var. strictum A. Gray; S. Wats., in King, Geol. KxpL 40tl! 

■. Par. 5: 385. 1871. (Based on Vniola stricta Torr.) 

Culms 1-3.5 dm. tall, erect or rarely decumbent, the blades up to 2 dm. 
long, the upper equalling or exceeding the pistillate spikes but exceeded by 
the staminate; pistillate spike green drying straw brown, 2-7 cm. long; of 
5-40 approximate spikelets, the spikelets 0.5-2 cm. long, 5-20-floweral, 4-7 
mm. broad, the mature florets often strongly reflexed, usually mt closely 
imbricate, the first glume 2-3 mm. long, the second 3-4 mm. long, the lemma 
3.5-6 mm. long, firm, with a broad hyaline margin, the palea 3-5 mm. long, 
the keels conspicuously serrate to the base, often dentate, narrow or winged 
at the base, occasionally with a few long hairs on the back, the earyopsis 2-5 
mm. long, sometimes slenderly tapered to a single beak, sometimes truncate 
with a double beak. (Figs. 2, 11, 13.) 

Staminate spike green or rarely purplish, drying straw brown, 2-5 cm. 
long, of 5-25 approximate spikelets, the spikelets 0.5-2 cm. long, 5-20- 
flowered, 4-7 mm. broad, closely imbricate, the first glume 2-3 mm. long, the 
second 3-4 mm. long, the lemmas 5-6 mm. long, firm, equaled by the palea, 
the palea 5-6 mm. long, the keels conspicuousiy serrate to the base, infre- 
quently dentate, rarely broadly winged, usually with at least one prominent 
marginal vein, the anthers 3-4 mm. long. (Pig. 6.) 

Ti/pe 7uca7iG/: Canadian Eiver, Oklahoma. 

Range: Alkaline situations; Saskatchewan south through N. D., S. I)., 
Kansas, Nebraska, Oklahoma, and Texas and west to the Pacific Coast. 

D. spicaia var. stricta has the widest range of any of the varieties. In 
various parts of its range it approaches in certain characters all the other 
varieties and even the typical material from the eastern seaboard. The 
amazing variations in the earyopsis suggests the following hypotliesis. 
Distichlis might be called an evergreen grass. It needs only sufficient warmth 
and moisture to start new growth. Yet its xerophytic habitat seldom gives 
it a prolonged period of growth for most of the time it is either too cold or 
too dry. Some aehenes are produced, in the- cold wet winters and some in the 
hot, diy summers and many are caught in a partially mature condition when 
growth ceases. It is very possible that here is a case in which some of the 
reproductive structures are of less importance^han the vegetative. 

In California the range of the. species is disrupted by the Sierra Nevada 
and Tehaehapi Mountains. 

Modoc County, Manning 42S, Siskiyou Co., Butler 1844; Lnssen Co., Beetle 2807; 
Glenn Co., Davg kw 1898; sWra Co., Lemmon in 1874; Colusa Co., Beetle 3270; Yolo 
Co., Baynor in 1939; Alameda Co., Yates 550$; Mono Co., Bose 35416; Atereed Co., 
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Figs. 6-8. Staminate paleas. Fig. 6. D. spicata var. stricta, drawn from Santa 
Barbara Co., Calif., material. Fig. 7. D, spicata var. stolonifera, drawn from Alameda 
Co., Calif., material. Figs. 9-13. Sample grains of the D. spicata complex. Fig. 9. J). 
spicata var. yiana, drawn from Merced Co., Calif., material. Fig. 10. D. spicata var, 
divaricataj drawn from Imperial Go., Calif., material. Fig. 11. D. spicata var. stricta, 
drawn from Sandberg ^ Leiherg MS, the co-type of H. dentata. Fig. 12. D. spicata 
var. stolonifera, drawn from San Mated Co., Calif., material. Fig. 13. D. spicata var. 
stricta, drawn from Nebraska material. 
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Jlowell £(MS; King^ Co., Beetle £981; Tulare Co., Balmcr 2794; Inyo Co., Beetle 2 ikui ; 
Kern Go., Bmnj 1842 ; Obispo Co., Jolmnnsen IWd ; Vontiira (3)., Simminwrhi 

112; Ban Bernardino Co., Beetle S£04; Orange Go., Wolf $789; Biverside Co., Koethen 
ill 12>%7 f Ban Wiego Go. f Chandler 5££7, 

5. D. spicata (L.) Greene var. nana Beetle, var, nov. , 

Culms ereet, very slender, 1-4 dm. tall, the blades up to 6 dm. long, 
rarely longer, exceeded by both the staminate and pistiliate spikes, 
crowded at the base, the pistillate spikes green or purplish, drying hrowiu 
1-4 cm. long, of 3-12 approximate spikelets, the spikelets 0.5-2 cm. long, 
3-18-flowered, 3-4 mm. broad, closely imbricate, the first glume (ui. 3 nun. 
Iting, the second glume 3.5 mm. long, the lemmas ca. 3.5 mm, long, very broad 
at the base, 9-nerved, the palea subequal, very strongly cdliate on tlie keels, 
abruptly winged below, with a single prominent marginal nerve, the caryop- 
sis ca. 2 mm. long, abruptly truncate at the apex, the apex often bent. (Pins. 
3,9.) 

Staminate spike green or purplish, drying brown, 1-4 cm. long, of 3-12 
approximate spikelets, the spikelets 0.5-2 cm. long, 3-16-f!owered,^ 3-4 nun. 
broad, closely imbricate, the ginmes ca. 3 mm. long, the lemma ca. 3.5 nmi. 
long, broad at the base, 9-nerved, the palea subequal, evenly ciliate on the 
narrow keels, anthers ca. 2 mm, long, 

Culmi erectae, summe graciles, 1-4 dm. alti, laminae general is us(| ue ad 
6 dm. longae, saepe basi confiixenti, spicae feminae viride ant purpuraseentes, 
dim 3-12 propinquae spieulae; spieulae propinquemente imbrieatae, einn 
3-18 florae, lemmae circa 3.5 mm. longae j paleae siibaequalae, bicarinatae. 
Spicae masciilinae viridae ant purpuraseentes, cnni 3-12 propimpiae spicn- 
lae, spieulae cum 3-16 florae. 

Type locality: California, Tulare County, Whitaker Forest, June 28, 
1928, P. B. Kennedy (AG). Co-type: California, Kern County, near Bakers- 
field, 1896, J. B. 

Eemale: California, Tebama Co., w. of Eed Bluff, Beetle 3289; Kern Co., AIcKit- 
trick, Yates 6911; Tulare Co., Whitaker Yoxest, Kennedy hi 1928; Santa Bail>ara (\k, 
w. of Ciiyaina 'Ranch, Beetle SOSl; Merced Co., e. of San Joaquin R., Stebhln,^ .^'798: 
Stanislaus Co., w. of Modesto, Beetle £944; Monterey Co., s.w. of Bradley, Gmhm $76; 
San Diego Co., Escondido, If et/er 494; Lassen Co., Amedeo, Davy in 1897. 

Male: California, Stanislaus Go., Kings Co., s. of Armona, Beetle 

2967; Kern Co., near Delano, £446; Tulare Co., Visalia, Dudley in 1900; Alameda 
Go., 11 . w. of Halfway House, It. L. Ste'b'bins £7S6; Fresno Co., Huron, Bai^twood in 1893. 

This variety is often reported collected on soils which seem to be hardly 
if at all alkaline. It has the finest leaves and would seem to be the most 
palatable for stock. ^ 

6. D. SPICATA (L.) Greene var. divaricata Beetle,- var. nov. 

Culms 1-4 cim. tall, very stiffly erect, the blades rarely exceeding 5 cm. 
in length, rigid, divaricate, exceeded by both the staminate and pistillate 
spikes, the pistillate spike green or purplish quickly turning brown, 2—6 cm. 
long of 6-20 approximate spikelets, the spikelets 0.5-1.5 cm. long, 5-12- 
flowered, 3-6 mm. broad, the first glume 3 mm. long, the second glume 3-3.5 
mm. long, the lemma ca. 4 mm. long, broad below, without prominent nerves, 
the palea ca. 3.5 mm. long, often dentate, eonspienonsly serrate on the keels. 
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usually without prominent nerves, the earyopsis 2-3 mm. loiig^ plump, 
usually somewhat tapered to a single apex. (Fig. 10.) 

The staminate spike green or purplish quickly turning brown, 2-6 cm. 
long, of 6-15 approximate spikelets, the spikelets 0.5-1.5 cm. long, 5-12- 
flowered, 3-6 mm. broad, the first glume ca. 3 mm. long, the second glume 
nearly subet^ual, the lemmas ca. 4 mm. long, broad below, without prominent 
nerves, the palea subequal, very narrow, nerveless, the anthers 2-2.5 mm. 
long. 

Culmi 1-4 dm. alti, summe erecti rigide, laminae generalis usque ad 5 cm. 
longae, rigidae, divaricatae; spicae feminae viride aut purpurascentes, cum 
6-20 propinquae spiculae, spiculae cum 5-12 fiorae, lemmae sinae promi- 
nentae nervae,* paleae saepe dentatae; gramen pinquis. Spicae masculinae 
viridae aut purpurascentes, cum 6-15 propinquae spiculae, spiculae cum 
5-12 fiorae, sine prominentae nervae ; paleae subaequalae, summe angustae, 
sine nervae. 

Type locality: California, Riverside Co., Salton, J. B. Davy in 1902 (UC). 
Co-type, California, Imperial Co., Salton Sink, March 17, 1917, E. A, Mc- 
Qregor {Dvi&l) . 

Female: Calif omia, Kern Co., near Eosainond, Bavy 2944 ; Mexico, western Sonora, 
1898, W. W, Price; Sonora, Wiggins <5557, Baja Calif., Wiggins 4' Gillespie 4171. 

Male: California, Mojave, M. E. Jones in 1917, Death Yallej, Grinnell in 1917. 
Mexico, Baja Calif., n. of Ensenada, Wiggins 4' Gillespie 3920. 

7. Distichlis spicata (L.) Greene var. mexicana Beetle, var. nov. 

Culms 1-3 dm. tall, erect, rather slender ; blades erect, up to 1 dm. long, 
the upper about equalling the pistillate spikes and exceeded by the stami- 
nate, the pistillate spike green, 3-5 cm. long, of 6-16 approximate spikelets, 
the spikelets 0.5-1.5 cm. long, 3-4 mm. broad, the upper often curved, of 
3-12 fiorets, the first glume ca. 3 mm. long, the second 3.5 mm. long, the 
lemma prominently 9-nerved, very broad below with a hyaline margin, ca. 
5 mm. long, the palea subequal, serrate on the often dentate keel, with a 
single prominent marginal vein, the earyopsis plump at the base, gradually" 
tapered to the apex. (Fig. 5.) 

Staminate spike green or purplish, 1.5-8 cm. long, of 6-15 approximate 
spikelets, the spikelets 0.5-1.5 cm. long, 3-4 mm. broad, the upper often 
curved, of 3-12 fiorets, the first glume ca. 2 mm. long, the second 3-3.5 mm. 
long, the lemmas prominently 9-nerved, broad below, with a hyaline margin, 
the palea subequal, serrate on the keels, narrow above and slightly broadened 
below, the anthers 3-4 mm. long. 

Culmi 1-3 dm. alti, erecti, aliquanti graciles; laminae erectae, usque ad 
1 dm. longae; spicae feminae cum 6-16 propinquae spiculae, spiculae superi- 
oribus saepe flexi, cum 3-12 fiorae, lemmae et paleae subaequalae. Spicae 
masculinae, viridae aut purpurascentes, longae, cum 6-15 propinque spicu- 
lae, spiculae superioribus saepe flexi, cum 3-12 florae. 

Type locality: Mexico, city of Durango, 1896, E. Palmer 888 (UC) 
(pistillate). Co-type: Mexico, city of Durango, E. Palmer 182 (UC) (stami- 
nate). 

Mexico, Valley of Mexico, 1897, 0. G, Pringle 6640. 
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1943] ! \ BEETLE: DISTICHLIS 

Specific Names Applied to Distic-hlis 

Pistichlis, Rafin. in Jour. Pliys. 89: 104. 1819. 

(I'jivtiiohitt PMl. in Anal. Univ. Ghil. 43: 569. 1873 (South AinericM'). 
atauccina R. PMl. Anal. Univ. Chil. 94: 162. 1896 (South AnR‘ri(ai). 
condensata llemsl. Biol. Centr. Am. Bot. 3: 578. 1882-1886 (hasod oil 

eondensatum) (Mexico) = Poa? * ' 

dentata Rydb. Bull. Torrey Club 34: 536. 1909 (Washington, San<ilHU‘g & Lolborg 
463) = /^. spicata var. stricta. 

distichophylla (Labill.) Passett. Rliodora 27: 71. 1925 (based on Vnwla 
pJiylla) . 

Jiirta Phil. Anal. ITniv. Chil. 43: 570. 1873 (South America). 
himilis Phil. Anal. Mus. Nac. Chile, Bot. 86, 1891 (South America). 
ihlflora Hackel apud Stuckert in An. Mus. Nac. Buenos Aires 21: 141. 1911 (South 
America). 

marginata Phil. Anal. Mus. Nac. Chile 86. 1891 (South America). 

'tmritima Benth. FI. Austral. 7: 637. 1878 (Australia) =. 7). diftficlKyphylla, 
maritima Rafin. Jour. Phys. 89: 104. 1819 (based on Uniola maritima) -71. apwafa, 
maritima var. laxa Holm. Bot. Gaz. 1©: 277. 1891 (ITtah)= 7l. spicata var. stricta. 
maritima var. stricta Thurb., in S. Wats., Bot. Calif. 2: 306. 1880 (based on^V niala 
strict a). * 

mendoceina Phil. Sert. Mend. Alt. 51 (South America). 
misera Phil. Anal. Mus. Nae. Chile 86, 1891 (South America). 

multinervosa Pij3er. Biol. Soe. Wash. Proc. 18: 147. 1905 = Fn-s'ci/oe/i/oa mtdtinervosa. 
nodosa Rafin. Jour. Phys. 89: 104. 1819 (based on Festiiea dislicliophyUa and F, 
eea.) = Poa michavx'^. 

palmeri Fasset ex I. M. Johnston in Proc. Calif. Acad. Sei. Ser. IV. 12: 984. 1924 
= Uniola palmeri, 

prostrata (H.B.K.) E. Desv. in C. Gay, FI. Chil. 6: 398. 1853 (based on Poa prostrala) 
(South America). 

seoparia (Kunth) Arecli. Gram. TJrug. 397. tab. 58. 1894 (based on Poa scoparia) (Soutli 
America). 

spicata (L.) Greene. Bull. Calif, Acad. 2: 7. 415. 1887 (based on Uniola spicata), 
spicata var. hvmilis (Phil.) O. Ktze. Rev. Gen. 3, pt. 2: 350. 1898 (South America}. 
spicata var. laxa Vasey, Beal, Grasses N. Am. 2: 519. 1896 (Utah, Tracy in 1887) = D, 
spicata y nr. stricta, 

spicata y ax. marginata (Phil.) O. Ktze. Rev. Gen. PI, 3, pt. 2: 350. 1898 (South 
America). 

spicata yar. mendo^ina Hack. Anal. Mus. Nac. Buenos Aires ser. 3, 6: 513. 1906 (South 
America). 

spicata stricta Scribn. Mem. Torrey Club 5: 51. 1894 (based on Uniola stricta) ~ D. 
spicata var. stricta. 

spicata yslt. tJialassica (H.B.K.) Ktze. Rev. Gen. 3, jR. 2: 350. 1898 (South America), 
stricta Rydb. Bull. Torrey Club. 602. 1905 (based on Uniola stricta). 
stricta var. tara Fassett (spalm. Fawcett) & West ex Mimz, Man. South. Cal. 52, 1935 
(based on 1). maritima var. laxa)y: D. spicata Ynr. stricta. 
tenuifolia Phil. Anal. Univ. Chil. 94: 162. 1896 (South America) . 

texana Seribii. in U. S, Dept. Agr. Bull. Agrost, Cire. 16: 2. 1899 (based on Poa ic.rana ). 
thalassica (H.B.K.) E. Desv. in C. Gay, FI. Chil. 6: 397, 1853 (South America) (based 
oil Poa thalassica), 

thalassica var. mendocina Kurtz. Bol. Acad. Nae. Cienc. Cordoba 15: 521, 1897 (South 
America). 

viridis R. Phil. Anal. Univ. Chile 94: 163. 1896 (South America). 
volcTcmanni Phil. Anal. Univ. Chil. 43: 571. 1873 (South America). 

Division OP Agronomy, IJnitersity OF California 

Davis, California 
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INDEX TO AMERICAN BOTANICAL LITERATURE 

The aim of this Index is to include all current botanical lit(‘i’atiire written 
by Americans, published in America, or based upon American material; the word 
America being used in the broadest sense. • 

Papers that relate exclusively to bacteriology, forestry, agriculture, horti- 
culture, manufactured products of vegetable origin, or laboratory methods are 
not included. If users of the Index will call the attention of the editor to errors 
or omissions, their kindness will be appreciated. 

The Index is reprinted monthly on cards, and furiiivshed in this form to sub- 
scribers at the rate of three cents for each card. The different subjects as classi- 
fied below may now be ordered separately (but no orders will be taken for less 
than one yearns issue in any classification). Correspondenee relating to the card 
issue should be addressed to the Treasurer of the Torrey Botanical Chib. 

PLANT TAXONOMY AND FLORISTICS » 

(exclusive of fungi) 

Aellen, P. & Just, T. Key and synopsis of the American species of the’^genus 
Chenopodium L. Am. Midi. Nat. 30: 47-76. 1 f. J1 [ S] 1943. 

Bailey, L. H. Braliea, and an JSrytJiea. Vgentes Herb. 6: 177-197. /. 87-100, 
All 1943. 

Bailey, L. H. New palms in Panama, and others. G elites Herb. 6: 199-264. 
/. 101-189. An 1943. 

Bailey, L. H. Species Batormn. The genus Euhtis in North America north of 
Mexico. VI. Section 7 Cuneifolii. Ashen Blackberries. Sand Blackberries. 
Gentes Herb. 5: 425-461. /. 192-210. 31 Au 1943. 

Bakewell, A. Botanical collections of the Wood Yukon Expedition of 1939-1941. 
Khodora 45: 305-316. 10 Au 1943. 

Barbour, W. R. Note on Vantanea Barbourii Staiidley. Trop. Woods 75: 7, 
8. I S 1943. 

Bartram, E. B. Additions to the moss flora of northern Chile. Parlowia 1: 191- 
194. /. 1-S. J1 1943. 

Bartram, E. B. Burma mosses. Farlowia 1: 171-189. J1 1943. 

Batalla de Rodriguez, M. A. Estudio de las plantas cultivadas en la region 
de Izncar de Matainoros, Pue. An. Inst. Biol. [Mexico] 13: 463-491. /. 
1-4. 1942 [J1 1943]. 

Beetle, A. A. Studies in the genus L. VI. The section Schoenoplectus 

Palla. Am. Jour, Bot. 30: 395-401. Je [26 Jl] 1943. 

Blake, S. F. Ten new American Asteraeeae. Jour. Wash. Acad. 33: 265-272. 

■ 15 S 1943. 

Borsini, O. E. Valerianaceas de Tncunian. Lilloa 8: 353-377. pi. 1-12. 27 
My 1943. 

Oalvey, M. E. A study of a few of the medicinal plants found in Cattaraiigns 
County, N. Y, III. Sei. Stud. St. Bonaventure Coll. IP: 5-8, 28. Je 1943. 
Clausen, R. T. Sedum Mrsutum. Desert 15: 90-94. 2 f. Jl- An 1943. 

Clausen, R. T. & TJM, C. H. Revision of Sedum Codkerellii and related species. 
Brittonia 5: 33-46. /. S 1943. 

Clokey, I. W. Notes on the flora of the Chaideston Mountains, Clark County, 
Nevada. V. Cactaceae. Madrono 7: 67-76. 4, J* 29 Jl 1943. 
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Coker, W. C. Magnolia cordata Michaux. Jour. Elislia MitclieM Soc. 59:«^81-88. 
pi. 17~m f. 1-6. J1 1943, 

Core, E, L. The genus Scleria in extratropieal South America. Lilloa 8: 
535-544. 27 My 1943. 

Correll, D. S. The genus Eatenaria in western North America. Leafl. West. Bot. 
3: 233-247. 7 J1 1943. 

Cory, V. L. Asplenium Falmeri in Texas. Am. Pern Jour. 33: 111, 112. Jl-S 
1943. 

Cory, V. L. The wild cherry of the Carrizo Sands of Texas. Ehodora 45: 325- 
327. 10 An 1943. 

Croizat, L. The concept of inflorescence. Bull. Torrey Club 70: 496-509. 
/. 1-75. 1 S 1943. 

Croizat, L. New families. Cactus & Succ. Jour. 15: 64. My 1943. 

Croizat, L. What is the trinomial Typicus? II. Bull. Torrey Club 70: 406-417. 
12 Jl 1943. 

CroncLUist, A. The legitimacy of TJialictrum poly car pim Wats. Madrono 7: 

^ 83. 29 Jl. 1943. 

Cronq.uist, A. Noteworthy x^hxnts from Idaho. II. Madrono 7: 77-82. 29 Jl 
1943. 

CronoLuist, A. The varieties of Astragalus decumtens. Leafl. West. Bot. 3: 
250-254. 7 Jl 1943. 

Daniel, H. Cordoncillos y Curares. Univ. Antioqua 58: 223-232. Ax)-My 
1943. 

Degener, 0. Stenogyne Sherffii Degener, a new mint from Hawaii. Brittoiiia 
5: 58, 59. /. 1. 22 S 1943. 

Eastwood, A. Some Alpine Castillejas from the High Sierra of California. Am. 

Midi. Nat. 30: 40-46. 1 pi. Jl [S] 1943. 

Eastwood, A. Variations in Castilleja plagioioma. Leafl. AVest. Bot. 3: 248, 249. 

7 Jl 1943. 

Fassett, N. C. Another driftless area endemic. Bull. Torrey Club 70: 398, 399. 
12 Jl 1943. 

Fassett, N. C. The validity of Juniperus virginiana var. crehra. Am. Jour. Bot. 
30: 469-477. f. 1-31. Jl [Au] 1943. 

Femald, M. L. Centaurea nervosa in America. Ehodora 45: 331, 332. 10 Au 
1943. 

Femald, M. L. Contributions from the Gray Herbarium — No. CXLVIII. YIII. 

Notes on Eieracium. Ehodora 45: 317-325. 10 Au 1943. 

Femald, M. L. Eastern extension of Cirsium Flodmani. Ehodora 45: 356. S 1943. 
Femald, M, L. Minor transfers and forms in Cirsium. Ehodora 45: 353, 354. 

8 1943. 

Femald, M. L. Our albino Lupine. Ehodora 45: 356. S 1943. 

Femald, M. L. Our varieties of Trifolium pratense. Ehodora 45: 331. 10 Au 
1943. 

Femald, M. L. Trifolium hyloridum and its var. elegans. Ehodora 45: 331. 
10 Au 1943. 

Fosberg, F. E. Notes on plants of the Pacific Islands. III. Bull. Torrey Club 
70: 386-397. 12 Jl 1943. 

Fosberg, F. R. The Polynesian species of Eedyotis (Eubiaceae). Bishop Mus. 
Bull. 174: i, l-102p. pi. 1-4. 5 Ap 1943. 

Frye, T. C. & Clark, L. Sepaticae of North America. Part II. Univ. Wash. 
Publ. Biology 6: 163-336. illrntr. 25 Jl 1943. 
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61168,11. H. Stutlies of iiatui-al iiopulatious of Ciithhertm urahiniK, in the Caro- 
liiias. Jour. Elislia Mitchell Soe. 59: 73-80. /. J} 194;^. 

G-illy, C. An Afro-South-Ainerican Cyperaceous coin|>lex. Iiritt(iuL*i 5: 1-20. /. I. 

20 S 1943. 

Gleason, H. A. Contributions of the Torrey Botanical Cliih to tlie 
of taxonomy. Torreya 43: 35-43. /. 1 J1 [27 An] 1943. * 

Goodwin, E. H. Check list and index to the Oyperaceae of ^klonroe Comity, Muv 
York. 1-20. Rochester, New York. The author. Je 1943. 

Gnndersen, A. Flower forms and groups of Dicotyledons. Bull. Torrey Cliili 
70: 510-516. pi. S, 4. 1 S 1943. 

Haglund, G. Taraxacum in arctic Canada (East of IdO'^W. ) ( riitroduction liy 
Artheme Dutilly, O.M.I.) Rhodora 45: 337-343. S 1943. 

Harlow, E. 0. Is Folypodium virginiayium. f. dclfoideuni a constant fontif Am. 
Fern Jour. 33: 105, 106. Jl-S 1943. 

Hayden, A. A botanical survey in the Iowa Lake region of Clay and Ikalo Alto 
counties. Iowa Jour. Sei. 17: 277-415. /. J-3S. Ap 1943. 

Heady, H. F, Annotated list of the mosses of the Huntington forest. RooseCelt 
Wildlife Bull. 8: 41-58. Je 1943. t 

Hoover, E. F. Observations on Californian plants — III. Ijeaii W(\st. Bot. 3: 
254-256. 7 J1 19,43. 

Howard, E. A. Studies of the Icacinaceae — Yl. IrvlnffbaUvya and rodmearpa.v, 
two new genera of the Icacineae. Brittonia 5: 47-57. /. 1-J. S 1943. 

Howard, E. A. Studies of the Icacinaceae— VI 1. A revision of the genus 
Med'usanthera Seeinan. Lloydia 6: 133-143. pL /. Je 1943. VTTl. Brief 
notes of some Old World genera. 144-154. pi. IS. 

Howell, J. T. Sertulum Greeneaniim. Am. Midi. Nat. 30: 6-39. Jl [8] 1943. 
Hume, H. H. Zeplirantlics gracilis Herb, and Zephranthes mlnma Herb. Am, 
Jour. Bot. 30: 501-504. /. i-J. Jl [An] 1943. 

Jaramillo, E. El milpesos, monografias botanicas. Uiiiv. Autioqnoa 58: 215-222. 
Ap~My 1943. 

Jenkins, M. T. A new locality for teosinte in Mhxico. Jour. Ilered. 34: 206. 

/. 7. Jl [S] 1943. 

Johnson, J. H. Peruvian lime-secreting algae from the Guadalupe Mountains, 
New Mexico. Bull Geol. Soc. Am. 53: 195-226. pL 1-7 4 f. U. 1 F 1942. 
Johnston, I. M. Plants of Coahuila, eastern Chihuahua, and adjoining Zacatecas 
and Durango, I, Jour. Arnold Arb. 24: 306-339. Jl 1943. 

Jones, G. H. Additions to the revised catalogue of Ohio vascular ]jlaiits. XT. 
Ohio Jour. Sci, 43: 186-192. Jl 1943, 

Jones, C. H. Studies in Ohio floristics. II. Rare plants of Ohio. Castanea 8: 
81-108. My-0 [Au] 1943. 

Jones, G. N. A new form of Prunus virgmimm from Indiana and Illinois. 
Rhodora 45: 354, 355. S 1943. 

Krukofit, B. A. & Moldenke, H. N. Supplementary notes on American Menisper- 
maceae— III. Bull. Torrey Club 70: 400-406. 12 Jl 1943. 

Hrukoff, B/A. & Monachino, J. Supplementary notes on the American species 
ot Strychnos — I. Brittonia 5: 21—24. S 1943. 

Leonard, E, 0, Three new Acanthaeeae from Panama. Proc. Biol. Soc. Wash. 

58: 53-56. 16 Je 1943. 

Li, Hui-Lin Notes on the flora of Indo-Cluna. Jour. Arnold Arb. 24: 362-374. 

Jl 1943. 
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Li, Hui-Lin On the Sino-Himalayan species of Shortia and Ber7ieuxia. Ifnodora 
45: 333-337. S 1943. 

McVaugh, E.. Botanical collections of the La Plata expedition of 1853-1855. 
Bnttonia 5: 64-79. S 1943. 

McVangh, E. The status of certain anoinalous native crabapples in eastern 
ITnifed States. Bull. Torrey Club 70: 418-429. /. 1-3. 12 J1 1943. 

Martinez, M, Tres especies nuevas Mexicanas del genero Ahies. An. Inst. Biol. 

[Mexico] 13: 621-634. f. 1-10. 1942 [J1 1943]. 

Mathias, M. E. & Constance, L. A new species of TaiiscMa from the state of 
Washington. Madrono 7: 65-67./. 1. 29 ell 1943. 

Merrill, E. T>. An attempt to complete the record. Biittonia 5: 25-32. S 1943, 
Merrill, E. D. An index to Kafinesque^s published technical names for the cellu- 
lar cryptogams, Parlowia 1: 245-262. J1 1943. 

Merrill, E. D. New names for ferns and fern allies proposed ])y C. S. Eafinesque, 
1806-1838. Am. Pern elour. 33: 97-105. Jl-S 1943. 

Merrill, E. D. Some economic aspects of taxonomy. Torreya 43: 50-64. J1 
[27 Au] 1943. 

Meyef, T. Las Asclepiadaceas Argentinas de los generos Amlly stigma y Aa?i- 
tonia. Lilloa 8: 379-394. 1 pi. +f. 1-4. 27 My 1943. 

Miranda, E. Nuevas fanerogamas del S. O. del Estado de Puebla. An. Inst. 

Biol. [Mexico] 13: 451-462. /. 1-5. 1942 [J1 1943], 

Moldenke, H. N. Contributions to the flora of extratropical South America. 

IV. Lilloa 8: 397-435. 27 My 1943. 

Monachino, J. Reduction of Castelaria Brittonii Small. Trop. Woods 75: 4, 5. 

1 S 1943. 

Moran, E. Ihulleya Anthonyi. Desert 15: 86-89. /. 1-4. Jl-Au 1943. 

Muenscher, W. C. Botamogeton spirillus may grow as an annual, Ehodora 45: 

329, 330. 10 Au 1943. 

O’Donell, C. A. & Lourteig, A. Hippomaneae Argentinae ( Euphorbia cea) . Lilloa 
8: 545-592. pi l-6Bf. 1-14. 27 My 1943. 

Eapenfuss, G. F. Notes on algal nomenclature. II. Gymno.^oms J. Agardh. Am, 
Jour. Bot. 30: 463-468, /. 1-15. J1 [Au] 1943. 

Patrick, E. The diatoms of Linsley Pond, Connecticut. Proc. Acad. Nat. Sci. 
Phil. 95: 53-110. pi 11, 1^. 30 J1 1943. 

Pennell, F. W. The Scrophulariaceae of the western Himalayas. Acad. Nat. Sci. 

Phil. Monograph 5: i-vii, 1-163. pi. 1—^5. 10 S 1943. 

Pennell, F. W. A second summary of the Scropliulariaceae of New Guinea. Jour. 

Arnold Arb. 24: 243-274. pi 1-5. J1 1943. 

Pennell, F. W. To the Pdramo de Chaquiro. Am. Pern Jour. 33: 81-96. Jl-S 
■ , 1943. ■ ■ 

Perry, B. A. Chromosome number and phylogenetic relationships in the Euphor- 
biaceae. Am. Jour. Bot. 30: 527-543. /. 1-0. J1 [Au] 1943. 

Porter, C. L. The genus AmpMpappvs Ton*, and Gray. Am. Jour. Bot. 30: 
481-483. /. 1. J1 [Au] 1943. 

Porter, 0. L, A new species of Sphaeralcea from New Mexico. Bull. Torrey 
Club 70: 531, 532. /. i, 1 S 1943. 

Record, S. J. Keys to American woods. Trop. Woods 73: 23-42. 1 Mr 1943. 74: 
17-43. 1 Je 1943. 75 :, 8-26. I S 1943. 

Eickett, H. W. The inflorescence oi Crataegus. Bull. Torrey Club 70: 489-495. 
f. 1, 3. 1 B 1943. 
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Eivera Morales, I. Estiulio Botanieo e liistoneo aeerea del eo|mtl<r'' 

^ifararibea (Llave) Standi. An. Inst. Biol. [Mexico] 13: 499-503. 
i /. 1942 [J1 1943], , 

Eivera Morales, 1. & Miranda, F. Nombres viilgares de plantas en el S. (). de 
Estado de Pueble. An. Inst. Biol. [Mexico] 13: 493-498, 1942 [11 1943]' 
Eodrigo, A. del P. Una niieva Malvaeea del geiiero lUhnina nov. s|». 

Lilloa 8: 437-439. i pL + /. a-7<. 27 Aly 1943. 

Euiz 0., M. Estudio de dos especies de liepaticas eucontradns eii Uzoeaii do 
Matamoros, Pue. An. Inst. Biol. [Mexico] 13: 397-403. /. /, H»43 

[J1 1943]. 

% Sclxweinfurtli, 0. A new Soiitli American Liicomormiim. Am. Orcldd Soc. BtdI. 

' 12: 134-136. 1 pL 3 S 1943. 

Scliweinfurtli, C. A Peruvian novelty in Catasciim. Am. Orcliid Soc. Bull. 
12: 100. pi, 4, 4 All 1943. 

Shaver, J. M. The filmy and polypody ferns in Tennessee. Jour. Tenn. Acad. 

18: 215-222. /. 10-13, J1 1943. ^ 

Shaver, J. M. New occurrenees of Dn/opteris in Tennessee.^ Am. 

Pern Jour. 33: 107-109. Jl-S 1943. 

Shinners, L. H. The genus Aster in Nova Scotia. Rhodora 46: 344-351. S 1943. 
Smith, A. 0. Killipiellay a new Colombian genus of Aaeeiiiaeeae. Jour. Wash. 
Acad. 33: 242-244. /. 1. 15 Au 1943. 

Smith, A. C. Studies of Pacific Island plants, II. Notes on the Pacific spi'cies of 
Piper. Jour. Arnold Arb. 24: 347-361. J1 1943. 

Smith, A. 0. Studies on Pacific Island plants — III. New and noteworthy flower- 
ing plants from Fiji. Bull. Torrey Club 70: 533-549. 1 H 1943. 

Stehle, H. La vegetation museiiiales des Antilles Franca ises et son intend dans 
la valorisation sylvicole. Carib. Forester 4: 164-182. J1 1943. 

Standley, P. C. A Costa Eican species of Vantanea, of the family Humiriaccuie, 
a group new to Central America. Trop. Woods 75: 5, 6. I S 1943. 

Stout, A. B. Ilemerocallis altisslma Stout sp. nov. The Tsu-kiu-shan daylily. 

Herbertia 9: 103-106. /. 74-76. My 1943. 

Svenson, H. K. Modern taxonomy and its relation to geography. Torrt'va 43: 
44-49. J1 [Au] 1943. 

Vecchierello, H. Hepaticae or liverworts mentioned in David F. Day ’s (kitalogue 
of the plants of western New York and a Revision of the names to bring 
the list in conformity with current iiomenelat lire. Sci, Stud. St. Bonavmi- 
ture Coll. 114: 9. Je 1943. 

Vecchierello, H. List of mosses mentioned by David F. Day in his (Atalogue <d* 
plants of Western New York, brought up-to-date with reference to tmaninol- 
ogy, etc. Sci. Stud. St. Bonaventure Coll. ID: 11-14. Je 1943. 

Waterfall, XJ. T. A new species of Kaplopappus from southwestern Ih'xas. 
Rhodora 45: 351-353. S 1943. 

Weatherhy, C. A. Valid and legitimate names — and TJialiclnun polprarjiKtH 
Wats. Madrono 7: 83-85. 29 J1 1943. 

Wherry, E. T. Mlcrosteris, Phlox, and an intermediate. Brittonia 5: 

/. 1. S 1943. 

Woodson, E. E. A new Amsonia from the Ozarks of p^iLausas. Rhodora 45: 
328, 329. 10 Au 1943. 

Yuncker, T. G. CuscMta Flossdorfii Hickeh. Lilloa 8: 395, .396), 2/ INly 194.>. 
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MORPHOLOGY 

(including: anatomy, and cytology in part) 

(See also under Taxonomy: Perry; under Mycology and 
p Phytopathology: Woods & DuBuy) 

Bailey, If W. & Nast, 0. G. The comparative morphology of the Winteraceae. I. 

Pollen and stamens. Jour. Arnold Arbor. 24: 340-346. 1~S. J1 1943. 

Baiman, M. W. Wood structure of Uyania. Am. Jour. Bot. 30: 351-355. /. 1~S7, 
My [4 Je] 1943. 

Berger, C. A. & Witkus, B. R. A cytologieal study of e-mitosis in the polysomatic 
plant Spinacia oleraceaj with comparative observations on Allium cepa. 
Bull. Torrey Club 70: 457-466. pi. 17, 18. 1 S 1943. 

Carlson, M. 0. The morphology and anatomy of Calopogon pulcJwlhts. Bull. 

Torrey Club 70: 349-368. /. 1-36. 12 J1 iks. 

Cheadle, V. I. Vessel specialization in the late inetaxylem of the various organs 
in the Monocotyledoneae. Am. Jour. Bot. 30: 484-490. /. 1—8. JT [Au] 

* 1943. 

Crafty A. S. Vascular ditferentiation in the shoot apices of ten coniferous spe- 
cies. Am. Jour. Bot. 30: 382-393. /. 1-9. My [4 Je] 1943. 

Cross, G. L. The shoot apices of Athro taxis and Taiwania. Bull. Torrey Club 
70: 335-358. /. 1-6. 12 J1 1943. 

Harrow, B. A. Vegetative and floral growth of Fouquieria splendens. Ecology 
24: 310-322. /. I-d. J1 1943. 

Ernst-Schwarzenbach, M. The sexual dimorphism of the tropical mosses of the 
genus Macromitrimn. Farlowda 1: 195-198. /. 1—3. J1 1943. 

Esau, K. Ontogeny of the vascular bundle in Zea mays. Hilgardia 15: 327-356. 
pi. 1-10 + f. 1-4. Ap 1943. 

Esau, K. Vascular differentiation in the i)ear root. Hilgardia 15: 299-311. 
pi. 1-10. Ap 1943. 

Gaiser, L. O., Sutherland, M. & Moore, K. Cytologieal studies in Martynia 
louisiana. Am. Jour. Bot. 30: 543-551. /. 1—16. Jl [Au] 1943. 

Isenberg, 1. H. The anatomy of redwood bark. Madrono 7: 85-91. pi. 6-18. 
29 Jl 1943. 

Johnson, M. A. PoUar development in Zamia. Am. Jour. Bot. 30: 366-378. /. 
i-Ji. My [4 Je] 1943. 

Kemp, M. Morphological and ontogenetic studies on Torrey a calif ornica Torr. 1. 
The vegetative apex of the megasporangiate tree. Am. Jour. Bot, 30: 504- 
517. /. i-17. Jl [Au] 1943. 

Knobloch, I, W. Morphological variation and cytology of Bromus inermis. Bull. 

Torrey Club 70: 467-472. /. 1-S. 1 S 1943.* 

Moseley, M. F. Contributions to the life history, morphology and phylogeny of 
Widdringtonia eupressoides. Lloydia 6: 109-132. f. 1-27. Je 1943. 

Sharp, L. W. Eundamentals of cytology, i-x, 1-270. illustr. McGraw-Hill. 1943. 
Shull, J. M. Diversity of form in daylilies. Herbertia 9: 156-161. pi. 230, 221 
-h/. 79. My 1943. 

Sinnott, E. W. Cell division as a problem of pattern in plant development. 

Torreya 43: 29-34. /. 1-4. Jl [27 Au] 1943. 

Smith, E. C. A study of cytology and speciation in the genus Fopulus L. Jour. 

Arnold Arbor. 24: 275-305. pL 1-^. Jl 1943. 

Stone, E. L. & Stone, M. H. Dormant buds in certain species of Finns. Am." 
Jour. Bot. 30: 346-351. /. 1-10. My [4 Je] 1943. 
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Stone, E. L. & Stone, M. H. ^ Dormant versus ^Adventitious” buds. Sc-'uuK'i* 

98: 62. 16 J1 1943. 

Wetmore, R. H. Leaf -stem relationships in the vascular plants. Torreva 43: 
16-28. /. 1~S. J1 [27 Au] 1943. 

PLANT PHYSIOLOGY * 

Addicott, F. J. Pollen germination and tube growth mMilki as affected bj pure 
growth substances. Herbertia 9: 133-135. My 1943. 

Barton, L. V, Effect of moisture fluctuations on the viability of seeds in storage, 
Gontrib. Boyce Thompson Inst. 13: 35-45. /. 1, Ap-Je 1943. 

Barton, L. V. The storage of citrus seeds. Gontrib. Boyce Thompson Inst. 13: 
47-55." Ap-Je 1943. 

Bernstein, L. Amylases and carbohydrates in developing maize endosperm. 

Am. Jour. Bot. 30: 517-526. /. i-4. J1 [Au] 1943. 

Berry, L. J. & Hoyt, R. C. Polarization and stimulation of the onion root by 
direct current. Plant Physiol. 18: 372-396. /, 1-10. J1 [Au] 1943. 

Bonner, J. & Borland, R. Some observations eoneerning riboflavin and palfto* 
tlienic acid in tomato plants. Am. Jour. Bot. 30: 414-418. /. 1. Je P6 Jl] 
1943. 

Briggs, Gr. B. Effect of boron in the substrate on the rate of nitrate absorption 
and on nitrogen distribution in Nasturtium. Plant Physiol. 18: 415-432. 

/. 1. J1 [Au] 1943. 

Burkholder, P. R. & Moyer, D. Vitamin deficiencies of fifty yeasts and molds. 
Bull. Torrey Club 70: 372-377. 12 J1 1943. 

Denny, F. E. Inactivation of the browning system in dried apples. Contr. Boyce 
Thompson Inst. 13: 57-63. /. 1. Ap-Je 1943. 

Denny, F. E. & Thornton, N. 0. Effect of post-harvest pre-storage conditions on 
the rate of development of sugar in potato tubers during vsubseqiient cold 
storage. Contr. Boyce Thompson Inst. IS: 65-71. Ap-Je 1943. 

Doneen, L. D. & MacG-illivray, J, H. Germination (emergence) of vegetable seed 
as affected by different soil moisture conditions. Plant Physiol. 18: 524- 
529. /. 1. J1 [All] 1943. 

Fan, C. S., Stauffer, J. F. & Dmbreit, W. W. An experimental separation of 
oxygen liberation from carbon dioxide fixation in photosynthesis by Chlo- 
rella. Jour. Gen. Physiol. 27: 15-28. /. 1-S. 20 S 1943. 

Frazier, J. 0. Pood reserve depletion and synthesis in field bindweed, Cmi~ 
volvulus arvensis L., as related to 7-day and 14-day intervals of cultivation. 
Plant Physiol. 18: 315-323. J1 [An] 1943. 

Galston, A. W. The isolation, agglutination and nitrogen analysis of oat chloro- 
plasts. Am. Jour. Bot. 30: 331-334. /. 1. My [4 Je] 1943. 

Hedrick, J. A. & Alexopoulos, C. J. A further note on the production of thiamine 
by Actinomyces. Bull. Torrey Club 70: 369-371, 12 Ji 1943. 

Kramer, P. J. & Wetmore, T. H. Effects of defoliation on cold resistanee and 
diameter growth of broadleaved evergreens. Am. Jour. Bot. 30: 428-431. 

Je [26 Jl] 1943. 

Leonard, R. H. & Dustman, R. B. Sugars in relation to color and thiocyanate 
spray in apples. Plant Physiol. 18: 488-497. Jl [An] 1943. 

Lineberry, R. A. & Burkhart, L. Nutrient deficiencies in the strawberry leaf and 
fruit. Plant Pln’^siol. 18: 324-333. /. 1-7. Jl [An] 194^3. 

Lyon, 0. J. Water supply and the growth rates of conifers around Boston. 
Ecology 24: 329-344. /. 1-4. Jl 1943. 
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Marczynzski, R. Studies on the nutrition of CoUybia veluiipes (Curt.) Quel. 
(Hoinobasidioinyeetes, Agaricales). Am. Midi. Nat. 30: 164-170. J1 [8] 
1943. 

Mandels, Gr. R. A ^quantitative study of chlorosis in Chlorella under conditions 
of sujphur deficiency. Plant Physiol. 18: 449-462. /. 1-10. J1 [Au] 1943. 

Meyer, B. S. et al. Effect of depth of immersion on apparent photosynthesis in 
submersed vascular aquatics. Ecology 24: 393-399. J1 1943. 

Meyer, S. L. & Ford, C. H. Influence of the hydrogen-ion concentration of the 
substrata on the development of leafy moss plants. Plant Physiol. 18: 
530-533. J1 [Au] 1943. 

Moinat, A. D, Nutritional relationships of boron and indoleacetic acid in head 
lettuce. Plant Physiol. 18: 517-523. /. l-$. J1 [Au] 1943. 

Noecker, N. L. & Reed, M. Observations on the vitamin requirements of 
Stereum frusMosum (Pers.) Fr. Am. Midi. Nat. 30: 171-174. J1 [S] 1943. 

Osterhout, W. J. V. Nature of the action current in Nitella. V. Partial response 
♦ and the all-or-none law. Jour. Oen. Physiol. 27: 61-67. pi. 1 f. 1, 20 S 

1^3. 

Pratt, R. Studies on Chlorella vulgaris. YII. Influence of the age of the culture 
on the rates of photosynthesis and respiration. Am. Jour. Bot. 30: 404-408. 
f. 1-6. Je [26 Jl] 1943. 

Richards, O. W. & Kavanagh, A. J. The analysis of the relative growth gradi- 
ents and changing form of growing organisms illustrated by the tobacco 
leaf. Am. Nat. 77: 385-395. f. 1-S. ^-O 1943. 

Riley, Gr. A. Physiological aspects of spring diatom flowerings. Bull. Bingham 
Oceanog. Coll. 84: 1-53. /. 1-15. Je 1943. 

Robbins, W. J. Further observations on the specificity of Hypoxanthine for 
Phycomyces. Proc. Nat. Acad. 29: 201, 202. 15 Jl 1943. 

Roberts, R. H. & Struckmeyer, B. E, Blossom induction of the cranberry. Plant 
Physiol. 18: 534-536. /, 1, f. Jl [Au] 1943. 

Routien, J. B. & Dawson, R. F. Some interrelationships of growth, salt absorp- 
tion, respiration, and my eorrhizal development in Finns ecMnata Mill. Am. 
Jour. Bot. 30: 440-451. Je [26 Jl] 1943. 

Satina, S. & Blakeslee, A. F. Periclinal chimeras in Batura in relation to the 
development of the carpel. Am. Jour. Bot. 30: 453-462. f. 1—31. Jl [Au] 
1943. 

Schopfer, W. H. Plants and vitamins. Authorized translation by Norbert C. 
Noecker. xiv^ l-293p. pi. 1—3. Waltham, Mass., Chronica Botanica. 1943. 

Thomas, M. D. et al. The utilization of sulphate and sulphur dioxide for the 
sulphur nutrition of alfalfa. Plant Physiol. 18: 345-371. f. 1-5. Jl [Au] 
1943. 

Turrell, F. M., Sokoloff, V. P. & Klotz, L. J. Structure and composition of citrus 
leaves affected with mesophyll collapse. Plant Physiol. 18: 463-475. /. 1-6. 
Jl [Au] 1943. 

Withrow, R. B. Radiant energy nomenclature. Plant Physiol. 18: 476-487. 
Jl [Au] 1943. 

Zimmerman, P. W. Present status of plant hormones. ’3 Boyce Thomx)son Inst. 
Prof. Pap. 1: 30^329. f. 1-5. F 1943. 
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• GENETICS 

(including cytogenetics) 

Allen, 0. E. The evolution and determination of sexual eharaeters in tin* Angiu- 
sperm sporophyte. Torreya 43: 6-15. J1 [27 An] 1943. 

Atkinson, L. R. A preliminary report of fertilization in Mahilea vest Ha. Am. 

Jour. Bot. 30: 401-404. /. 1-9. Je [26 Jl] 1943. t 

Beard, F. C. The germination capacity of maize pollen having aben-ant nindei. 

Bull. Torrey Club 70: 449-456. /. 1-5. 1 S 1943. 

Beatty, A. V. The division of the generative nucleus in Eschseholtzia. Am. Jour. 

Bot. 30: 378-382. /. 1-12. My [4 Je] 1943. 

Bergner, A. B. Chromosomal interchange among six species of Datura in nature. 

^ Am. Jour. Bot. 30: 431-440. /. i-5. Je [26 Jl] 1943. 

Brown, M. S. Haploid plants in sorghum. Jour. Hered. 34: 163-166. /. 1-S. Je 
[Au] 1943. 

Cooper, D. 0. Haploid-diploid twin embryos in Lilium and Nicotiana. Am. Jour. 

Bot. 30: 408-413. /. 1-19. Je [26 Jl] 1943. 

Bavis, B. M. An amphidiploid in the generation from the cross OcnofJi^vra 
franeiscana x Oenothera hiennis, and its progeny. Genetics 28: 275-285. 

Einset, J. Chromosome length in relation to transmission frequency of maize 
trisomes. Genetics 28: 349-364. S 1943. 

Horovitz, S. & Marchioni, A. H. Herencia de la resistencia a hi langosta en el 
maiz '^Amargo^h An. Inst. Fito. Santa Catalina 2: 27-52. pi. 8^ 9. f. 1-3. 
1942 [1943]. 

Immer, F. R, & Henderson, M. T. Linkage studies in barley. Genetics 28: 
419-440. 8 1943. 

Johnson, T. & Newton, M. The inheritance of a mutant character in Puccinia 
graminis tritiei. Canad, Jour. Res. C 21: 205-210. f. 1-7. Jl 1943. 

Keitt, G. W., Langford, M, H. & Shay, J. R. Venturia inaeqnaUs (Cke.) Wint. 
II. Genetic studies on j)athogenicity and certain mutant characters. Am, 
Jour. Bot. 30; 491-500. pi. 1-3. Jl [Au] 1943. 

Lesley, M. M. & Lesley, J, W. Hybrids of the Chilean tomato. Sterile and fertile 
plants of Lycopersicon Peruvianum var. Dentatum Dun. (X. Chllense Duii.) 
and diploid and tetraploid hybrids with cultivated tomatoes. Jour. Tiered. 

• 34: 199-205. /. f-6. Jl [8] 1943. 

Mazoti, L. B. Estudio geiietico sobre maices amilaceos de Argentina. An. Inst. 

Eito Santa Catalina 2: 17-26.1942 [1943]. 

Mehl(imst, G. A. L., Blodgett, C. O. & Bruscia, L. Colchieine induced tetra],)loidy 
in Delphinium cardinale. Jour. Hered. 34: 187-192. /. 18, 19. Je [Au] 1943. 
Morgan, B. T, The formation of chromocenters in interkinetic nuclei of maize hy 
knobs and B chromosomes. Jour, Hered. 34: 195-198. /. 1. Jl [Au] 1943. 
Myers, W. M. & Hill, H. B. Increased meiotic irregularity accompanying in- 
breeding in Dactylis glomerata L. Genetics 28: 383—397. 8 1943. 
Newcomber, E. H. An colchicine-induced tetraploid cabbage and some com- 
parisons with its diploid progenitor. Jour. -Elisha Mitchell See. 59: 69— 
72. pi. 13-16. Jl 1943. 

Perak, J. T. Triticum durum tetraploide obtenido por colchicina. An. Inst. Fito 
Santa Catalina 2: .7, 8. pi. 1. 1942 [1943], 

Riley, H. P. Cell size in developing ovaries of Iris liexagona var. giganticacrulae. 
• Am. Jour. Bot. 30: 356-361. /. 1~7. My [4 Je] 1943. * 

Salomon, E. S. Sorghum sudanense (Piper) Stapf tertaploid(* obtenido por col- 
chicina. An. Inst. Fito Santa Catalina 2: 13-16. ph,6, 7. 1942 [1943]. 
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ScRnaek, B. Obteneion de poliploides en Gaillardia puleliella Foug., por le aeeion 
de la Golcliicina. An. Inst. Fito Santa Catalina 2: 9-12. pL 2-5. 1942 
[1943]. 

Smith, D. C. Intergeneric hybridization of Triticum and other grasses, prinei- 
pally Agropyron. Jour. Hered. 34: 219-224. /. Id. J1 [S] 1943. 

Swanson,' 0. P. The behavior of meiotic prophase, chromosomes as revealed 
through the use of high temperatures. Am. Jour. Bot. 30: 422-428. /. 1-13. 
Je [26 Jl] 1943. 

Vilkomerson, H. Chromosomes of Astragalus. Bull. Torrey Club 70: 430-435. 
/. 1. 12 Jl 1943. 

MYCOLOGY AND PHYTOPATHOLOGY 

Andrews, E. A. Seedling blight and root rot of grasses in Minnesota. Phyto- 
I^athology 33: 234-239. Mr 1943. 

Arndt, C. H. Phythkim ultimum and the damping-off of cotton seedlings. Phyto- 
pathology 33: 607-611. Jl 1943. 

Baker, E. E., Mrak, E. M. & Smith, C. E. The morphology, taxonomy, and distri- 
bution of Coccidioides i7nmitis B.ixtoTd. and Gilchrist 1896. Farlowia 1: 
199-244. pi. 1-8. Jl 1943. 

Barnett, H, L. The development and structure of Long la texeyisis. Mycologia 
35: 399-408. /. 1-3. 1 Au 1943. 

Bisby, G. R. Geographical distribution of fungi. Bot. Eev. 9: 466-482. Jl 1943. 

Blodgett, E. 0. Rasp leaf of cherry. Phytopathology 33: 620-622. f. 1. Jl 1943, 

Chilton, S. J. P., Henson, L. & Johnson, H. W. Fungi reported on species of 
Medicago, Melilotus, and Trifolium. U. S. Dept. Agr. Mise. Publ. 499 : 
1-152. Jl 1943. 

Condit, I. J. & Horne, W. T. Mosaic spots of fig fruits. Phytopathology 33: 
719-723. /. i, 2. Au 1943. 

Cummins, G. B. Descriptions of tropical rusts — VI. Bull. Torrey Club 70: 

517-530. /. 1 S 1943. 

Cummins, G. B. Uredinales from the northwest Himalaya. Mycologia 35: 446- 
458. /. 1-7. 1 Au 1943. 

Dimock, A. W. Powdery mildew on ribbon-bush (Homalocladium platycladim 
Bailey). Phytopathology 33: 745, 746. f. 1. Au 1943. 

Dodge, B. 0. & E-ickett, H. W. Diseases and pests of ornamental plants, i-xi, 
l-638p. illust. 5. Cattell, Lancaster, Pa. 1943. 

Doolittle, S. P. Tomato diseases. U. S. Dept. Agr. Farmers’ Bull. 1934: 1-83. 
f. 1-47. Je 1943. 

Forbes, L L. & Mills, P. J. Disappearance of virus from mosaic-diseased sugar- 
cane plants. Phytopathology 33: 713-718. Au 1943. 

Fulton, R. W. The sensitivity of plant viruses to certain inactivators. Phyto- 
pathology 33: 674-682. Au 1943. 

Gottlieb, D. & Hart, H. Growth substances and the rust fungi. Phytopathology 
33: 72^728. Au 1943. 

GrifiBLth, R. B. A leaf disease of Kentucky bluegrass. Phytopathology 33: 745, 
Au 1943. 

Groves, J. W. DerTiiatea Hcolor on Amelanchier. Mycologia 35: 459-464. /. 1-3. 
All 1943. 

Hamilton, J, M. & Weaver, L. 0. Freezing preservation of fungi and fungus 
spores. PhytopaSiology 33: 612, 613, /. 1. Jl 1943. 

Hansen, H. N. & Snyder, W. C, The dual phenomenon and sex in Hypo^nyces 
solani f. cueiirUtae. Am.- Jour. Bot. 30: 419-422. /. 1-3. Je [26 Jl] 1943. 
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Harrold, T, J. "^listologieal studies of infections of the cotton hviuteotyl hy 
Glo-merella gossypii and j’Msariim woniI?:/ome, Ph^^ 33: d6il-- 

673. /. 1-0. All 1943. 

HeaM, F. B. Introduction to plant pathology. 2nd ed. xii, 1-603. /. 1-^46. 
AIcGraiv-Hill New York. 1943. 

Hildebrand, A. A. & Koch, L, W. RMzopus root rot of sugar beet. CaTuid. Jour. 
Res. C 21: 235-248. pL Au 1943. 

Holmes, F. O. A tendency to escape tobacco-mosaic diseasse in derivatkes from 
a hybrid tomato. Phytopathology 33: 691-697. Au 1943. 

Holton, C. S. Chlamydospore germination in the fungus causing dwarf bunt of 
wheat. Phytopathology 33: 732-735. /. 1, Au 1943. 

Jenkins, A. E. & Chupp, 0. Gercospora on Morinda Jdoyoe, Mycologia 35: 480- 
482. /. 1.1 Au 1943. 

Jenkins, A. E. & Viegas, A. P. Stem and foliage scab of sweet potato (Ipomoru 
batatas). Jour. Wash. Acad. 33: 244-249. /. 1, f. 15 An 1943. 

Katznelson, H. & Richardson, L. T. The microflora of the rhizosphere of tomato 
plants in relation to soil sterilization. Canad. Jour. Res. 0 21: 249-‘!jr)r>, 
Au 1943. ^ 

Kern, F. D. The importance of taxonomic studies of the fungi. Torreya 43: 65- 
77. J1 [27 Au] 1943. 

Kem, F. D. & Thurston, H. W. Additions to the Uredinales of Venezuela— IL 
Mycologia 35: 434-445. 1 Au 1943. 

Kreitlow, "K. W. Ustilago striaeformis. I. Germination of chlamydo spores and 
culture of forma agrostidis on artideial media. Phytopathology 33: 707- 
712. /. l. Au 1943. 

Kunkel, L. O. Potato witches ’-broom transmission by dodder and cure by heat, 
Proc. Am. Philos. Soc. 86: 470-475. /. 1-4. 8 J1 1943. 

Linder, B. H. A new species of Fhyllactinia. Mycologia 35: 465-468. /. ,1. 1 Au 
.1943. 

Lohman, M. L. & Watson, . A. J. Identity and host relations of Nectria species 
associated with diseases of hardwoods in the eastern states. Lloydia 6: 
77-108. /. 1, Je 1943. 

. Lutz, H. J. Injuries to tfees caused by Celastnis and Vitis. Bull. Torrey Club 
70: 436-439. /. 1-^. 12 J1 1943. 

McKinney, H. H. Reaction of resistant tobaccos to certain strains of Kicotiana 
virus 1 and other viruses. Phytopathology 33: 551-568. f. 1-6. J1 1943. 

McNair, J. B. Advance in phylogenetic ppsitiou in the cryptogams as indicated 
by their fdts. Lloydia 6: 155, 156. /. d. Je 1943. 

Martin, W. J. A study of the genetics of Sorosporim sinitherismae and Spha- 
. eelotlieca panici-miUacei. Phytopathology 33; 569-585. /. 1-5. J1 1943. 

Murrill, W. A, Some southern novelties. Mycologia 35: 422-433. 1 Au 1943. 

Pratt, R. Influence of temperature on the infection of wheat ))y the powdery 
mildew Erysiphe graminis jtfiticL Bull. Torrey Club 70: 378-385. /. .7, 4. 
12 J1 1943. 

Price, W. C. Severity of curley top in tobacco affected by site of inoculation. 
Phytopathology 33: 586-601. f. 1. J1 1943. 

Reynard, G. B. ^^Red ring” of tomato stems caused by an insect, Cyrtopeltis 
vanans (Disi.) at Charleston, S. 0. Phytopathology 33: 613-615. /. 1. 

■ ,JI 1943. ■■■ ' ■ . . ' ■■ ■ ■ ■■ ■ ^ , 

Rogers, B. P. & Jackson, H. S. Notes on the synonymy of’' some North xVmerican 
Thelephoraceae and other resupinates. Parlowia I: 263-336. J1 1943. 
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Seaver, F. J. Pliotograplis and descriptions of eup-fmigi — XXX?III. The genus 
Kriegeria. Mycologia 35: 492^ 493. 1 An 1943. 

Severin, H. H. P. Breaking in color of flowers of annual Phlox caused hy the 
aster-yellows virus. : Phytopathology 33: 741-743. f. 1. Au 1943. 

Shear, C. L. Mycological notes. VII. Mycologia 35: 469— 476. 1 Au 1943. 

Singer, Bf. A monographic study of the genera Crinipellis and Chaetocalafhm. 
Lilloa 8: 441-534. /. 1~6, 27 My 1943. 

Smith, A. H. & Walters, M. B. A new species of Tricholoma. Mycologia 35: 
477-479. 1 Au 1943. 

Sprague, R. The genus PJiaeoseptoria on grasses in the western hemisphere. 

Mycologia 35: 483-491. /. 1 Au 1943. 

Thomas, H. R. A nonehromogenie sporulating variant of Altemaria solani. 
Phytopathology 33: 729-731. /. I. Au 1943. 

Vallega, J. Especializacion fisiologiea de Puccinia cornooia avenae, en Argentina. 

An. Inst. Pito Santa Catalinia 2: 53-82. pi, 10, 1942 [1943]. 

Vechierello, H. The list of Myxomycetes mentioned in David P. Day ^s catalogue. 

« Sci. Stud. St. Bonaventure Coll. ID: 21. Je 1943. 

Virgin, W. J. An unusual bean disease. Phytopathology 33: 743-745. /. 1, 
Aul943. 

Walter, J. M., May, C. & Collins, C. W. Dutch elm disease and its control. 

U. S. Dept. Agric. Circ. 677 : 1-12. /. 1-12, J1 1943. 

Weber, G. F. Southern blight, Corticium rolfsii, of potato tubers. Phytopathol- 
ogy 33: 615-617. /. 1, J1 1943. 

Whetzel, H. H. & Solheim, W. G. Sclerotinia Caricis-amptdlaceae , a remarkable 
sub-arctic species. Mycologia 35: 385-398. /. 1-6, 1 Au 1943. 

White, P. R. & Braun, A. C. A cancerous neoplasm of plants produced by 
autonomous, baeteria-free crown-gall-tissues. Am. Philos. Soc. Proc. 86: 
467-469. 8 J1 1943. 

Woods, M. W. & DuBuy, H. G. Evidence for the evolution of phytopathogenic 
viruses from Mitochondria and their derivatives. I. Cytological and genetic 
evidence. Phytopathology 33: 637-655. /. 1—8. Au 1943. 

Wynd, F. It. Metabolic phenomena associated with virus infection in plants. 
Bot. Bev. 9; 395-465. J1 1943. 

Young, G. Y. Root rots in storage of deciduous nursery stock and their control. 
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New names and combinations are designated by bold face type. 


Abies Fraseri 214; grandis 238/ 240; 

lasloearpa 473, 475, 4:77 ; . venusta 23 
Abiita barbaia 403; brevifolia 404; Can- 
dollii 404;Troesii 404; grandifoUa 403; 
GrisebacMi 403, 404; imene 403 ; negro- 
ensis 403 ; obovata 403; pamirensis 403; 
TuUei 400; riifescens 403; sple7idida 404 
%biA'don ‘mdiciim 397 
Acacia Farnesiana ^40 
AcantJiolimon glumacium 515 
Acantlius montanus 515 
Acer diabolicnm 218; floridamim 218; 
gratididentatii'm 218 ; leiicoderme 218 ; 
macTophyllum 238; nigrum 218; penn- 
sylva7iicum 221; rubnm 485, 486; sac- 
cJiarum 218; spicatum 221 
Achillea lanulosa 477 
Achras Sapota 515 

Achromobacter cystmovorum 4; guttatim 
4 ; Uqtiidiim. 4 

Aeonitiini noveborace7ise var. cpiasieiliaPum 
399 

Actea alba 225; splcata 233 
Actinomyces, A furtlier note on the pro- 
duction of thiamine by 369 
Actinomyces albididoflavus 370; albo- 
sporens 370; albus 370; annulatus 370; 
aureus 370; bob Hi 370; calif ornieus 
370; eellulosae 370; pnicarms 370; 
flavovirens 370; flavus 370; f radii 370; 
gougeroti 369, 370; griseolus, 9; hoi- 
st edii 370; madurae 370; phaeochro- 
mogeniis 9; piirpeochromogenus 370; 
reticuU 370; scabies 370; violaceous- 
ruber 370; vnidochromo genus 369—371 
Adiantum capHlus-venieris 387; cuneatum 
387 

Adicea pumila 225 

Aecidhim dahliae 69; dahliae-maxoni 69; 
elaeocarpi 518; elaeocarpieola 518; 
fuchsiae 68; bansfordii 517, 520; hypo- 
estis 517, 518; incomparabile 517; 

lycianthis 68; magnipycninm 518; mo- 
robense 518 ; papuasicnm 519 ; plec- 
troniicola 517; puspa 518, 519; rutideae 
519; talini 08; tracyanum 76 
Aegilops crassa 470; triaristata 470 
Aesculus octandi'a 219-221 
Ageratim conycoides 395; houstonianum 

Aglaia Archboldiana 542; Parksii 541, 
542; vitiensis 542 


Agropyron spiccvtum 477 
Agrostis scabra 36, 37 
Albissia Lebbech 540 
Alcomiea cor difolia 028 
Alexopoulos, Const. J., and ;i. Airnn/K 
Herrick: A further note on ])rudiH- 
tion of thiamine by Actinomyces .369 
Allium cepa 175-181, 457, 458, c-mitusis in 
459-461 

AUophylus suhlaxus 542, 543; ternatns 
542; timorens is 548; umbrinus 543 ; viti- 
ensis 543 
Alnus rubra 238 

Alopecurus pratensis 471 # 

Alsine teimesseensis 222, 224 ^ 
Alternanthera pliiloxeroides 481, 485-487 
Ambrosia artcmisiifolia 35-37 
Amelajichier laevis 221 
American Botanical Literature, Index to 
82, 198, 325, 440, 550, 651 
Amorpha fruticosa 486 
Amorphophallus bulbifer 613, 614; fi- 
tanum 612-614; The number of chromo- 
somes in two species of 612 
Amyelon radicans 120 
Andrews, Henry N., and L. Wayne Lenz*. 
A myeorrhizome from the carboniferous 
of Illinois 120 

Andropogon fur cat us 36; scoparius 36, 38, 
40 

Andrurus vitiensis 534 
Andrus, Basilia, and William A. Bec’k: 
The osmotic quantities of the cells of 
Eelianthus afinuiis seedlings 563 
Anectochilus apiculatus 387; sandvicensis 
388 

Anemone quingue folia 222, 224 
Angiospora Mratsukae 528; lenticular is 
69; pallescens 69; seae 69 
Anomospermim boUvianum 401; ehloran- 
thum 401; Dielsiainm 401; Mrsutmn 
401; Scho7nburghii 401 
Another driftless area endemic 398 
Anthurium crassinerviim 613; radicans 
613; Wallisii 613 
Antirrhinum onajus 515 
Apios tuberosa 485, 486 
Aquilegia flavescens 475 
Aralia spinosa 221 
Araucaria bidwi]^i 23 

Arenaria forinosa 477; marina 38<8; rubra 
388 
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Arisaema qumatum 224; serratiim var. 
Thmibergii f. Blimei 613; tripJiyllum 
225 ■ ' 

ArisUda hasiramea 36-38 
Aristolochia macropliylJl>a 222 
Arracacia tracteata 76; xantlfioriza 76 
Arthuria cate%ulata 519-521; Columbiana 
519-521 

Aruneiis Sylvester 233 
Arundinaria deflexa 302; gigantea 297, 
298, 306, W7 ; macrosperma 297, 304- 
307; 297, 298, 304-307 

Arundinariaj A preliminary investigation 
of the North American Canes 297 
Asahina ’s microchemical studies on the 
Cladoniae 139 

Asarum canadense 514; europaeum 233 
Asclepias exaltata 225 ; tu'berosa Z7 
AspergtUns luchuensis 6; niger 6, 192; 

terreus 6f 8 
Asperula odorata 2BZ 
Aspilia montevidensis 7S 
Aster aeummat'us 222-224; stenomeres A7 7 
Asterina ilicis 136, 137 
Astragalus altaicus 434; BeatJiii 431; M- 
sulcatus 431 ; canadensis 431, 433 ; candi- 
dissimus 434 ; 431, 433, 434; 

Casei 431 ; conf ertifloruSf 430, 431 ; cras- 
sicarpus 431 ; Drnmmondii 430, 431, 434 ; 
JEarlei 430 ; flaviis 430, 431 ; Qrayi 430, 
431, 4:33; hay denianus 4Z1; lentiginoses 
var. palans 431; Umatus 431, 433; 
lonchocarpus 431; mqllissimus 430; 
oocalycis 431; OsterhoutU 431; Fatter- 
sonii 431 ; peetinatus 430, 431; prae- 
longns 431 ; Freussii 431, 433 ; ptero- 
earpiis 431; racemosus 430, 431; ra- 
faelensis 431; scle7'o carpus 431, 432; 
tetrapterus 431; toanus 431, 433, 434 
Astragalus, chromosomes of 430 
Athrotaxis selagmoidos 337-347 
Athyrium a,^plenioides 223; pycnocarpon 
223 ; thelypie^'oides 222, 223 
Atropa belladonna 244-250 
Avena elatior 470 

Azolla cai'oUniana 387, 485, 486; iilicu- 
loides 387 

Bacillus adhaerens 4; agri 4; cereus 4, 5; 
f'lisiformis 4; megatherium 4, 5; meseh- 
tericus 4, 5; mycoides 4, 5; subtilis 4, 5; 
ubic'uitarius 4 
Baccharis trinervis 74 
Baeodromus holwayi 69 
Baeomyces rose us 142 ^ 

Baldwin, J. T., Jr.: Polyploidy in Sedum 
pulchellum — I. Cytogeography '26. 

■ ■ # ■ -: 


Baptisia leucophaea 38, 40 
Barnhart, John Hendley, Cornelia L. 

: Carey, and Harold C. Bold: Tracy 
Elliot Hazen 559 
Bai'.ringtonia petiolata 546 
Batodendron arboreum 226 
BauMnia . fassoglensis 530 ; monandra 541 
Beard, Frances Clark: The germination 
capacity of maize pollen having aberrant 
nuclei 449 

Beck, William A., and Basilia Andrus: 
The osmotic quantities of the cells of the 
hypocotyl of llelia^ithus annims seed^ 
lings 563 

Beetle, Alan A.: The North American 
variations of Bistichlis spicata 638 
Belladonna, Phytophthora rot of 244 
Benzoin aestiv ale 513 
Berberis fascieularis 70, 74 
Berchemia crenulata 544; Fournieri 544 
Berger, C. A., and E. E. Witkus: A cyto- 
logical study of c-mitosis in the poly- 
somatic plant Spinacia oleracea, -with 
comparative observations on Allium cepa 
457 , . 

Betula alleglieniemsis 220, 221; lenta 221; 
papyrifera 513 

Bicuculla canadensis 223, 224 ; cucullaria 
223, 225 

Bidenslaevis485,436 

Bleelceria elliptica 549 ; vitiensis 549 

Blephilia Mr suta 225 

Bloch, Egbert : Differentiation in red 
root-tips of Fhalaiis arundinacea 182 
Bold, Harold C., Cornelia L. Carey, and 
John Hendley Barnhart: Tracy Elliot 
Plazen 559 

Boehmeria cylindrica 4S5, 486 
Bonner, James: Further experiments on 
the nutrition of isolated tomato roots 
184 

Botanical Literature, Index to American 
82, 198, 325, 440, 550, 651' 

Botrychium dissectum 223; obJiquum 223; 

virginianum 223 
Bouteloua gracilis 471 
Brachyphragma Sereyioi 433 
Brassavola nodosa 105, 106 
Brizopyrum boreale 643; spicatum var. 
strictum 645 

Bromus Beneclcenii 233 ; inenyiis, Morpho- 
logical variation and cytology of 467- 
471 

Broussonetia papyrifera 513 
Brunonia australis 515 ' 

BubaMa argeyitinensis 521 ; crotonis 521, 
525; ehertiae 521; orytliroxylonis 521; 
mexicana 69 
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Bnddleia (Officinalis 545 

j^ucUeya distichopliylla 227 _ _ 

BuxzELL, H. H.: A new constituent an 
Avlieat germ oil 599 
Burkholder, Paul E., and 

Moyer: Vitamin deficiencies of fifty 
yeasts and molds 372 


CUviN Stanley A.: The tertiary eliaraeter 
of^tlie cove hardwood forests of the 
Great Smoky Mountains National Park 

213 

(^Uiandra conzaitiana 80 
Callistenion speciosus 501 
Calliospora diphysae 81 

Calopogon pulcliellus, the morphology and 
anatomy of 349 ^ ^ _ 

Calopogoniuni galactioides 80 

fiondus 513 

Calypt't'idmni umhellatum 63 
Campamila rotundifolia 515 
Campanidasinm americanum 225 
CamptoiJieciiim woldenii 130 
Cawpylinni stcllatuni 130 
Canavalia mllosa 73 ' ^ . 070 

Candida alUcans 373, 375; chalmersi 373, 
chevalieri 373, Z 7 3 -, deformans 373, 375; 
■finrpri 373; mycotoruloidea 373 j para- 
Zusfi 373; stellatoidea 373; 

noides 373, 375 , oa?. 

Carex austro-aaroliniana 224; dxgiUta 233, 
flexuosa 224; geyeri 477; 8.!’ 

pennsylvanica 36—38, 40, ^ , V 

taginea 224; prasina 225; 

Caret, Cornelia L., Harold C. Bold, an 
John Hendlet Barnhart: Traey Elliot 
Hazeii 559 
Cariea papaya 116 
Carlson, Margeky C.: The 

and anatomy of Calopogon pulchellus 

349 

Carpinus caroliniana 226; grandis 226 
Cassia Tora 226;. toraformis 226 
Castanea claihornensis 226; dentata 2^1, 
226 ; OToIKssma 513 n- j 

Cattleya, growth of fruits in, and a^ed 
genera in the Orchidaceae 104, ame 
thystoglossa 105-107, 110 ; 105; 

Itowringiana 105-108, 110,^ ? ffntn 

gramdosa 105-107, HO, \ 

105; intermedia ,105; ZaMafa 105, _ , 

var. mossiae . 104 ; loddigesu 10 ^ > 

110; luteola 105; sTcinneri 105; ^na^lae^ 
105, 106, 108-116, 118 _ 
'Cdtdophylhm rohustim 227 ; thalictro^des 

224 ,- 227 ' 1 Kno 

■Celastrus angulaia- 500; 500- 

507 fscandens 436, 500, 505 507 


Celtis Sarperi 535-537; oeeidenialis 226; 

536 ; vitiensis 53(t, 

Cenchrus ciJiaris 527 ; pain*iflorns .‘5a-3i 
CephalantJnis occidentalis 486 
Cerastiiim arvensc 5J.4 
Ceratostomclla fimbriata 191, 192; Ips 191, 

192; microspora 191, 192 fu/ /a 191, 

192; oZ?.'fCi/ra 191, 192; pamdoj-n 191; 
penicillata 101, 192; pkcaperdu 191, 

192; pm 191, 192, 194; radicieoia 191- 
194; stenoeeras 191, 192, 195 

Cereis canadensis 220 \ tvilcoxiana 22h ^ 

Cerotelium daedaloides 520-522; fid 70, 

.79; morobeanum 522 
CJiaetomium murorum 6 
Chalara mycoderma 373, 375 

Clialaropsis fhielavioides 191, 102 

Chandler, Clyde: Number of chromo- 
somes in two species of A-morphoidiullns 
612 

ClieilantJies gracillima 475 
Chondodendron candicans 400; limacn- 
folium 401; platiphyUnm 400; tornen- 
tosum 400 ; toxicofenm 401 
Chondrophora 7iLidata 61 ; virgata 61 
Chromosomes of Astragalus 4^0 
CJirosperma miiscaetoxicuyn 22d 
Chrysler, M, A., and W. G. McIn^be: ■ 
The morphological nature of the phyto- 
synthetic organs of OrehylMm . Mndremt 
as indicated by their vascular structure 
252 

Chrysomyxa pyrolae 70 
Cicuta Curtissii 486 
Cimicifuga americana 224 
Circaea latifoUa 225 

Cissus quadrangularis 527 ^ 

Cladonia alpestris 149; var. aherran^ 4, ; 
alpicola 147; amanrocraea 14. WJ, 
hacillaris 142, 149; lelimora 14<, .14.) , 
horhonica 145; Boryi 149; 

141, 145, 147; calycantha 139, i4o, 
eariosa 141; caroliniana 149; 

147; elilorophaea 139, 143, 14a; clam i- 
fera 145; coecifera 142, 149; roiiiarraea 
145; conista 145; cornuforadta a 14a; 
erispata 157; cristatella 142, 144, 14,); 
cryptocMoropnaea 143, 145; r.vani/.r. 

H9; deformis 143, 149, 160; dehcala 

147 148; destricta loO; didyma 14., 
144; digitata 143, 148; endo.vantha 14o, 

148 Bvansii 141, 146; fiminata 14o, 

150 Floerl-eana 142, 149; ; 

145; glauca 147; ffp \ 

gracilis 145;, var. elongaU Ul, Grayt 

U; impexa 546, 147; “4I 149-’ 
144, 147, 149; leponna 143, 144, 14., 
maklenta 142, 143, 148; major 141, 14.), 


[VOL. 70 


r .,f , ■ !■■■ , 

666 BULLETIN OF THE TORREY CLUB 


150; mateocyatha 145; merocJilorophaea 
145, 14:6; mitis 149, 160; mitrula 145,; 
muMifortnis 145 ; nemoxyna 145 ; papil- 
laria 141; persquamulosa 148; pityrea 
145; pleurota 143, 1^9, 150; polydactyla 
143, 148; pyxidata 1^6 ; rangiferina 141, 
145; rangfformis 141, 150; Bavenelii 
148; santends 148; scabrniscula 145; 
squamosa 147; strepsilis 142, 147, 148; 
siibcariosa 146 ; subsquamosa 148 ; syl- 
vatica 145, 149; sympJiycarpia 141; 

iemiis 145, 149 ; ^^lneiaUs 149; verticil- 
lata 139, 145, 150 ; milcanica 144 
Cladoiiiae, Asaliina inierochemical studies 
on the 139 
Cladrastis luiea 221 

Clausen, Egbert T.: The section Sedas- 
trum of Sedmi 289 
Claytowia virginica 223, 224 
Clethra alni folia 515 
GUntonia borealis 225 
Glitoria ternatea 513 

GnemidopJiacos con ferti floras 433; flavus 
4SS; Grayi 433; pecUnatus 433; rafae- 
lensis 433 ; toaniis 433 
Cocciilus cinerascens 400 
Gogswellia ambigua 60 
Colehicinized onion i*oot-tips, metaphase in 
175, 459 

Collinso7iia ea^iadensis 225 

Golub rina asiatica 545; ferruginosa 79; 

papnaoia 545; vitiensis 544, 545 
Commelinia angustifoUa 39S; erecta var. 
angustifolia 398; f. crispa 398; var. 
Dea'miana 398; var. G-reenei 398; var. 
iypica 398; f. mtercursa 398 
Concept of indorescenee 496 
Constance, Lincoln, and Mildred E. 
Mathias: New North American Umbel- 
liferae — II 58 

Gonysa absinthiae folia 629, 631; araneosa 
632; ‘bonariensis 632; canadensis 632; 
confnsa 632; Goiilteri 630; divaricata 
632; eriophylla 632; gnaphalioides 630, 
632; microglossa 632; mima 630; noto- 
bellidiastrim 631; parva 632; pusilla 
632 ; ramosissima 632 ; Schiedeana 532; 
spathulata 632; subspathulata 632 
Conif 2 a, the separation of Engeron from 
629 

Gopros7)ia elliptica 393; longifolia 394; 
var. longifolia 394; var. oppositifolia 
394; mololcaiensis 394; montana 393; 
var, crassa 393; ochracea var, haalae 
394; var. Iypica 393 
Goreoptiis pal mat a 36, 37^ 

Comas canadensis 492; fiorida 492; mas 
514 , ■ , 


Coryhis amerioana 40^ ^ 

Coryne sarcoides 372, 374, 376 
Crataegus cris-galli 490 ; var. danielsii 491 
493 ; f. vulgaris 491; mollis 491; prui- 
nosa 490, 492, 493, 495; f. puberula 491 
Crataegus, the inflorescence of 489 
Croizat, Leon : The concept of inflores- 
cence 496; What is the trinomial typi- 
cusf— I 310; II 406 

Cronquist, Arthur: The North American 
species of Erigeron eenteiing about E. 
speciosus (Liiidl.) DC. and E. glabellus 
Nutt. 265; The separation of Erigerm 
from Conyea 629 

Cross, G. L. : The shoot apices of Athro- 
taxis and Taiwania 335 
Crossing-over and second division segrega- 
tion in fungi 605 

Croton ciliato- glandule sa 70; calvescens 
70; draco 69; gossypifolius 521; Mrtus 
521; monantJiogynus 521; payaquensis 
69 

Crypiogramma acrostichoides 475 
Cryptomeria japonica 23 
Cryptotaenia canadensis 225 ; japonica 336 
Cummins, George B. : Descriptions of trop- 
ical rusts— Y 68; VI 517 
Cumminsiella standleyana 70 
Cunninghamia lanceolata 20, 336 
Curtis, John T., and Egbert E. Duncan: 
Growth of fruits in Cattleya and allied 
genera in the Orchidaceae 104 
Cuscuta approximata var. episonchum 67 ; 
var. leucosphaera 67; var. Webbii 67; 
australis var. breviflora 66 ; var. Tinei 
66; Balansae 67; var. socotrensis 67; 
brachycalyx 67; capillaris 67; var. 
syriana 67; compacta var. efimbriata 
65; cordofana 67; corymbosaYSn\ stylosa 
67 ; decora 62 ; var. indecora 62 ; var. 
pulcherrima 62 ; denticulata 64 ; Epi- 
fhymum var. alba 67; var. angustata 67; 
var. angustissima 67 ; Flossdorfii 66 ; 
foetida var. pycnantlia 67; formosana 
66 ; grandiflora 65 ; Gronovii 64, 65 ; var, 
curia 65; var. latiflora 64; var. Saururi 
64; Harpen 61; hispidula 62; indecora 
62, 63; var. neuropetala 62; japonica 
66; var. formosana 66; var. tliyrsoidea 
66 ; megalocarpa 65 ; niicrantlia 62 ; 
neuropetala 62; var. littoralis 62; ne- 
vadensis 63, 64; palaestina 67; var. 
syriana 67 ; pauciflora 62 ; planiflora var. 
Godronii 67; var. subpapillosa 67; 
potosina 67; var. globifera 67; ^ul- 
cherrima 62, 63; pudlla 62; racemosa 
var. niiniata 66; var. minuta 66; reflexa 
. var. anguina 67 ; var. b'r achy stigma 66 ; 
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saceharSta 67; sama 64; vai^ apoda 63, 
Si^l^sdorfli 63 ; umbrosa 65 ; VeatcMi 64 ; 
var. apoda 63 ; xantlwcliortos var. can- 

P,, scuta Nomeiiclatorial changes m the 
genus, and notes on some Anfexican 

species 61 

Cycas revol'uta 23 ^ 

Cyniophyl^ai'^ Fraseri 225 
Cynoxylon floridum 221 or 

rlwenis iilietdwis var. maeilentus 36; me- 
'Imostaehyus 80 ; rotundns 397 ; scJiwein- 
!* itei 36 ,ri 

Cypripedium parviflorim Sol 
Fustopteris f ragilis 223 . . . 

Gvtological study of c-mitosis in the poly- 
somatic plant Spmacia oleracea, with 
comparative observations on Allium cepa 
457 


j)acrydium lyeopodioides 533 
VactyUs glomerata 470 
Dahlia maxonii 69 

PaWac/iiyu 544 * _ 

Daubeistmire, E. E., and a. W. 

Plant succession on talus slopes in noi th- 
em Idaho as induenced by slope ex- 
posure 473 
Decodon verticillatus 485, 486 
Deeringia celosioides 514 
Degeneria viiiensis 537 
Dentaria diphylla 222, 224 
Desmodiim illinoense 35, 38 ^ 

Descriptions of tropical rusts— V 68; v 

517 -e 

Dicotyledones, Flower forms and groups of 
510 

Didymium nigripes 101 

Digitaria priirmis 534:1 ^ 

Differentiation in red root-tips of Fhalans 
arundinacea 182 ^ aoo 

Diholcos hisulcatus 432; haydemanus 432, 
oocalycis 432 

Diphylleia cymosa 22^5 
226 

Biscocahjx r.utUiflora 647 ; sylvestris 647 
Disporim lamginosim 224 
■ Visticiais ammohia 649; = 

condensata 649; dentata 53-56, 639, 64^, 
646 649; disticliophylla 638, 649; h%rta 
649’; humilis 649; laxifiora 649; mar- 
ginata 649; maritima 638, 

'ipxa 640, 649; var. ^^rieta J40, 649; 
mendocina 649; misera 649; 

„m'o.s-a 649; nodom 638, 649; palmen 


■ 649; pfoatrata 640, 649; Hcoparki 638, 
■649; spicata 53, 638-649; var. borealis 
641-645, 649; var. divaricata 641, 643, 
646, 647, 649; var. linmilis 639, 649; var. 
laxa 649; var. m^rginafa 639, 649; var. 
mendocina 649; var. mexicana 641-643. 
648, 649;, var. naxxa 641-?)43, 646, 647, 
649; var. siolonifera (541-643, (545, (54(5. 
649; var. stricta G41-(543 , 645, (546, (549 ; 
var. thalassiea 640, 649; stricta 
638, 639, 649; var. laxa (549; lenttifoiia 
649; texana 638, 649; thalassiea 649: 
var. mendocina 649; viridis 649 ; valck- 
manni 649 

DisticMis spicata^ The North American 
variations of 638 

Dodd, John D., and Alexander Gershoy: 
Experiments in the grafting of species 
in the genus Viola 91 ^ 

Drosera rotiindif alia 230 ^ 

Dryopteris dilatata 223; lirxagonopiei 
223; intermedia 222, 223; marginatis 
223; noveboracense 223 
Dubautia linearis 396; lonchophylla 39(>; 

reticulata 396; sberffiana 395-397 
D'ulicMum arundinaceum 237 
Duncan, Egbert E., and John T. (hmTis : 
Growth of fruits in Cattleya and allie< 
genera in the Orchidaeeae 104. 

Dwyer, John D.: Kaieteurea, a new genus 
of the Oclmaceae 50; Taxonomy of the 
monogeneric tribe Elvasieae (Oebna- 
eeae) 42 

Dyschoriste cjuadrangiilaris iO 


Bleocharis acAcularis 237; ochreata 
Flephantopus mollis 395; spicatns 
tomentosus 395 

Bleutherantlwra ruderalis 17, 78 

Elnasia hrevipediceUata 44,47; calophu^j 
42, 43, 45, 46; canescenn 44, 46, -ti, 
oarunensis 42, 44, 48; elvasioidcs 44, 48, 
esseqmUnsis 44, 47; EoMnm 48; 
quinqneloba 44, 45; selwmhurgkt. 4..., 

sprucei 45 , , 

Elvasieae, Taxonomy of the luouogenei. . 

Endoconidiophora paradoxa 191--194 
Epacris obtusifolia 515 ^ 

Ephedra altissima Desf btnieture j 
development of the shoot apex ot lo 
Ephedra altisMma 15-24; campglopoda 
17; monoetachya 16; vulgaris lb 
Epidendrum ciliare 

latifolia 112- cocldeaum 1 <>«; * 

andrvm 106,^107, llO-llo; tampons 
105, 106, 115 
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lUpipactis palustris 349 
Mrag7'ostis macilenia 528 ; unioloides 534 
Erechtites liieracifolia 486 
Eriantlius giga 
Eriea cinerea 515 r 
Erigei'on aEniptoi^im 21^ y acris 630 ; al- 
pinus 62Q, anicidarim 273; var. 

laiiusculus 273; anodonUis 274; apimi- 
tatus 267; araiieosiis 632; asper var. 
appressus 273; var. suM^iteger 274; 
BaEeri 271; lonariensis 632; canaden- 
sis 35, 36, 38, 630, 6Z2 ; consohrimis 
274; conspicims 271; divaricatns 632; 
Drurmnondii 274; Earlei 274; eldensis 
267; eriophyllus 632; euceplialoides 269; 
eximhis 268, 272; fraiernm 274; foUo- 
sissimus 269; formosissimus 266, 267, 
272; mr, typicus 272, 273; var. viscidus 
268, ^72; fniticetorum 272; glahellus 
2m-267, 271, 273, 274; subsp. pubes- 
cens 273,^274; subsp. typicus 273, 274; 
gnaphalioides 6^0, 632; gmndiflorus 

212 y Gulielmi 272 y hirtiiosus 272; in- 
canescens 271; iodanthus 272; lelophyl- 
lus 269; macrantJius 269, 270; subsp. 
mirus 267; iniaroglossis QZO, 632; mul- 
ticolor 273; ohlanceolatus 273; ohscurus 
273; oligodontus 274:; \aLi‘. acimmaius 
273; oxyodoyitiis 274; patens 269, 270; 
peregrinus 632 ; platypliyllus 267, 269- 
271; procerus 274; pusilhis 632; ruhi- 
cundiis 272; rudis 269; salicmus 268; 
scaheridns 272; ScMedeanus 630, 632; 
semiras'us 269; simplex 629; SmitJiii 
272; spathidatiis 633; speciosus 265— 
270; var. macranthus 269, 270; var. 
typicus 268; suhdsper 272; suhcostatus 
273 ; subspicatiis 630; suMrinervis 266, 
267, 271, 272; subsp. conspicuus 271; 
subsp. typicus 271; snperbus 266-268, 
272; uintahensis 267, 270; nnifiorus 
629, 630; mllosidus 271; mscidus 270, 
272; Vreelandii 269, 270 
Erigeron, The North American species of, 
centering* about E, speciosus 265; The 
separation of, from Conysa 629 
Eriogo7ium suhalpinum 473, 477 
Eriophoriim dia^nissonis 236, 

Erysiphe gramiinis tritic% Influence of 
temperature on the infection of wheat 
by 378 

Erytlirina amazonica 635; americand 636; 
Berteroana 79, 635; breviflora 634; 
Cor alio dendrum var. bicolor 635; cos- 
taricensis 637; crista-galU 634; culbensis 
635; Doming uezii 6^i;^ed'ulis 634; fal- 
cata 634; flabelliformis 6^5; gibbosa 
636; glauca 633; guatermlgnsis 636; 


herbacea 635; laiiEta { %nceolata 
636; leptorJiiza 6^5; macropJiylla r 
7nexicana 635; mitis 635y moniana 635* 
pallida 635; pananiensis 637; Boeppigi- 
ana 634; rubinervia 636; speciosa 634; 
Standleyana 636; velutma 637; verna 
634 

Erytlirina, Supplementary notes on the 
American species of — II 633 
Erythronium americamm 222-224 
Eulalia f idva 529 

E'uonymiis a^nericanus 222 ; obovatus 222 ; 

yedoensis 514 .m 

Eupatoidum leptophyllim 486 ; purpnreum 
486; urticaefoliiim 222-224 
Euphorbia corpUata 36—38, 40; macidata 
36 

Euchlaena mexicana 69 
Evans, Alexander W.: Asahina’s micro- 
chemical studies on tlie Oladoniae 139 
Excavatia elUptica 549 ; vitiensis 549 
Experiments in the graf ting of species 
in the genus Viola 91 

Fagiis grayidifolia 220, 221 
Eassett, Norman C. : Another driftless 
endemic 398 

Festuca distichophylJa 649; idahoensis 
477; ovina 470; pratensis 470, 471; 
triticea 649 
Fevillea trilobaia 515 
Ficus mvoluta 79 

Flavobaoterium devorans 4; fuscum 4; 

lacunatmn 4; sulfureum 4 
Flower forms and groups of Bicotyledones 
510 

Floating mats on a southeastern coastal 
plain i“eservoir 481 
Fomes annosus 372, 374, 376 
F or sythia intermedia 515 
Fouquieria splendens 515 
Fosberg, F. R. : Notes on plants of the 
Pacific Islands — III 386 
Franhenia Jaxncsii 514 
FranMinia alatainalia 514 
Fraxinus americana 221 
Fuchsia minutiflora 68 ; speciosa 514 
FUiirena incoiyipleta 76 
Fuligo septica 156, 161 
Further experiments on the nutrition of 
isolated tomato roots 184 
Further note on tlie production of thia- 
mine by Actinomyces 369 
Fusarium rettcidatum 8 

Galium aparine 225; circaezans 225; tmc- 
■ iorium 486; triflorum 224 
, Gaultheria sliallon 236 
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Oelbek, Sidney, a^d Michael Levine : 
Metapliase stage in colchieinized onion 
root tii)s 175 

Geoprumnon cfa.s%s‘icarp'M.m 433 
Geims Siachyiirus 615 
Ge'nMana maerophylla 515 
Geranium macidatum 225 
Germination capacity of maize pollen liav- 
ing aberrant nuclei 449 
Gershoy, Alexander, and John D. Dodd: 
Experiments in the grafting of species 
in the genus Viola 91 
frGum canadense 225 

Gifford, Ernest M. : ■ Structure and de- 
velopment of the shoot apex of Ephedra 
altissima Besf. 15 

GiLLY, Charles : A preliminary investiga- 
tion of the North American canes 
(Anindinaria) 297 
Ginlcgo hiloha 18 

Gleason, H. A,, and J. H. Pierce: Two 
new species of Hypericum from Coloni- 
Ma 174 

Glohifera wnbrosa 486 
Glycine Apios 225 
Goodenia ovata 515 

Go'uldia hillehrandii var. nodosa 393,- var. 
typica 393 ; st,-jolmii var. munroi 390, 
391; var. typica 390; terminalis 
hoheoides 390; var. cordata f. eucordata 
391; f. santalifoUa 391; var. Jcapiiaensis 
f. pittosporoides 392; f. violetae 392; 
var. lanai 390; var. macrocarpa f. cune- 
at a 392; /. sclerophylla 392; var. ostcO' 
carpa 392; var. ovata 391, 392; f. 
euovata 391; f. obovata 391; var. par- 
vula f. euparvifolia 392; f. impressa 
391; f. siibpilosa 392; var. ptibescens 
392; var. pseudodichotoma 390, 391; 
var. subcordafa 390, 391 
Grossularia Cynosbati 222 
Growth of fruits in Cattlcya and allied 
genera in the Orchidaceae 104 
Gundersen, Alfred: Flower forms and 
groups of Dicotyledones 510 
Gymnolomia s-ubflexuosa 78 
Gymnosporanyium . guatemaliamm 71; 

meridissimnm 71; spcciosum 70, 71, 77 
Gynandropsis speciosa 540 

Habenaria repens 485, 486 
Halesia montieola 219, 220, 221 
Hamamelis virginiana 221 
Hansen, Henry P. : A pollen study of two 
Ibogs on Orcas Island, of the San Juan 
Islands, Washington 236 
Hansenula suaveolens 373 


Harungana madagasau'i nVni ,'>22 
Hazen, Tracy Elliot obii 
Eedeoma pulegioides 37 
EedyeJiiuyu coronarium oM) 

Eelianthcmnm coinnu 514 
Eeliantluis annuus 
61; occidental is 35-38 
Eelianthns an nuns sct'dlhigs, Osnauir 
quantities ot* the cells of 563 
Hemileia harunganae 522 ; riitideae 522 
Eemitrichia vrspariinn 152-162; Obsio-va- 
tions on the culture of 152 
Eepatica amvricana 226; friloba 22r> 
Herrick, J. Arthur, and (^oxst. 3. 
Alexopoulos: a further note on tlie 
production of tliiamine bv Acfinoinmus 
369 

Heuchera amcricana 225 

Eicoria aquatica 226; cordifnrmts 221; 

glabra 226; Jaclcsoniana 22(L p( can 226 
Eibiscus ocuUroscns 486; filiaccus 397 
Eieracimn alhertinum 477; longipilinn 36, 
38 

Eolodisciis, A taxonomic revision of the 
genus, (Eosaceae) 275 
Eolodiscus argentcus 276, 277, 278, 285, 
286; var. alpestris 286, 288; var. bifrons 
285; var. Matudai 286; var, typicus 
286, 288; var. velutinus 286; (lastralis 

276, 281; Boursieri 277, 282, 286; dis- 
color 276, 277, 278; var. delnortensis 

277, 278, 280, 286; var. diimosus 281; 
var. franciscanns 278, 279, 280, 286; 
var. glabrescens 284; var. mirrophydus 
283; var. typicus 278, .279, 286; dumo- 
sus 276, 277, 280; var. australis 281, 
286; var. Schalfneri 281, 288; var. 
typicus 280, 281, 286; fssKs 27(i, 278, 
284, 286; franciscana 279; glabrescens 
284; Loesemeri 285; microphyllus 277, 
283, 286; var. glabrescens 283; var. 
sericeus 283; var. typicus, 283, 284; 
orizabae 278, 284, 286, 288 ; pachydls- 
cus, 277, 282, 286, 288; saxicohi 282; 
Schaffneri 281 ; velutinus 286 

Eomalobus podocarpus 432 
Eormodendron pedrosoi 376 
EosPmannia elvasioides 48; essequibcnsls 
47; Bagoti 48, 49 
Eoiistonia purpurea 225 
Hui-Lin Li: The genus Bfachyurus (515 
Hunt, Kenneth W.: Floating mats ou a 
southeastern coastal plain reservoir 481 
Hydrangea arborescens 222 
Eydrocotyle ran^incnloides 485, 486; iim- 
' bellata 486 

Eydrophylhm canadense 224 
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Lensites hetulina 372, 376 
Lepidimn apetahm, 35, 36 
Leptoloma cognatum 35, 36 
Leptotes hieolor 105, 106 
Leueaena glauca 397 
Lespedesa eapitata 36, 37, 38, 40 
Levine, Michael, and Sidney Gelber: 
Metaphase stage in colcliicinized onion 
root tips 175 

Ley, Arline : A taxonoinie revision of the 
genus Holodiscus (Rosaeeae) 275 
Liatris SC! aria sa 36, 38, 40 
Lilium superhum 225 
Linmohium 8 pong i a 485, 486 
Linnaea borealis amerieana 285 
Linociera Gillespiei 548, 549 ; pauci flora 
548 ; ramiflora 548 ; sessiliflora 548 ; 
vitiensis 548, 549 

Lippia mynocepliala 14t) pringlei 74: 
Liqnidam’bar styracifl/iui 513 
Liriodendron cMnense 227; tiilipifera, 
219-221, 227, 437; PuUpifera var. 

cMnense 227 

Joneslella Fattersoni 433; praeloriga 433- Literature, Index to American Botanical 
Juglans Sieboldiana 513 82, 198, 325, 440, 550, 651 

Juncoides bulhos'tim 225 saUuense 225 Lithospermum gnielini 37, 38 
Juncus tenuis 225 Loharia pulmonaria 146, 147 

Jmiiperus mexicana 70, 77 Lomatium amhiguum 60; idahoense 58; 

Jussiaea grandiflora 483-487 laevigatwm 59 ; Rollinsii 59 

Lonchocarpus mielieliamis 78; rugosus 
Kaicieiirea, a new genus of the Oclinaceae 78; nitidis 78 

50 Lonchopliaca onacrocarpa 433 ; OsterhontU 

Kaieteurea 50 ; gillyana 51 433 

Kermadecla ferruginea 537 Ludwigia alata 486 

Knobloch, Irving William: Morphologi- Lupinus perennis var. occidentalis 38 
cal variation and cytology of Bromus Lutz, H. J. : Injuries to trees caused by 
inermis 467 Celastrus and Vitis 436 

Koeleria crisiata 40 Lycianthes quichensis 68 

Koclreuteria paniculaia 514 Lycopersicon esculent urn 116, 184, 189 

Kosteletslcya virginica 485, 486 Lycopodium luciduliim 223 

.Krukoff, B. a.: Supplementary notes on Lycopus riibellifs 486 
the American species of JEtrythrina — II Lygodium japcmicum 387 

633 LysimacMa cjtiadrifoUa 225 

Krukofp, B. a., and H. N. Moldenke: 

Supplementary notes on American Meni- Ma, Roberta, and William J. Bobbins: 
spermaceae — III 400 Belation of certain fungi to thiamine 

Kuchneola arthuri 71; guatemalensis 71; 190 

hanisoniac 74; flci 79 Macrosporogenesis, fertilization, and early 

embryology of Taraxacum Icolc-saghyz 
Lacmiaria onicrocephala 61 164 

Laelia gouldiana 105; purpuruta 105; Mainsia liolwayi 73; peruvianum 73; 
tenebrosa 105, 106, 108, 110, 115, 119; standleyi 71, '72, 73 
■xantliina 105, 115 Maize pollen, germination of 449 

Ledum groenlandicum 236, Magnolia Fraser i 219, 221; parviflora 513 

Lanz, L. Wayne, and ^^,ENlg:Y N. An- McdacUra alceifolia 389; rotundifoUa 389 
DREWS: A Myeorrhizoine f tom , the ' ear- Mains angustlfolia 419-424, 428, 429; 
boniferous in Illinois 120 , ,, , coronaria 419-424, 428; florentina 419; 


Eyni('n()stepliiiim eordatum 78 
Ilypericu^i (diamaemyrtus 174; cuatre- 
casii 174; garciae 174; petiolatum 486; 
virginicinn 486 

Tlypcriam, two new ^ species of, from 
Colombia, 17^4 
Jfyslrix Jlysirix 225 


lb o^a rip aria 515 • 

Ilex opaca 221; monticola 221 
Impatiens pallida 223, 224 
Index to American Botanical Literature 
82, 198, 325, 440, 550, 651 
Inflorescence of Crataegus 489 
Inflorescence, the concept of 496 
Influence of temperature on the infection 
of wheat by the powdery mildew, Fry- 
siplie graniinus iritici 378 
InjuriofTto trees caused by Celastrus nnd 
Vitis 436^ 

Jpomoea sagitiata 486; tricolor 515 
I sell ae m u m iimorense 584 


i 
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glahratd 423, 42?, 428; platycarpa 419- 
429; var. Eoopesii 426, 429; sylvestris 
420 

ManiMiris altissima 528 ; fasciculata 528 ; 
granulans 528 

Mathias, Mildred E., and Lincoln Con- 
stance: New North Ameiiean XJinbel- 
liferae — II 58 

Maiirandya eruhescens 'SSQ; scandens 389 
McIntyre, W. G., and M. A. Chrysler: 
The morphological nature of the photo- 
synthetic organs of OrchylUnm JEndresii^, 
* as indicated by their vascular structure 
252 

McVauoh, Kogers: The status of certain 
anomalous native crabapj)les in eastern 
United Stales 418 
Medeola virginiana 224 
Megastachya condensatum 649 
Meihomia nudiflora 225 
Melinis maitlandi 528; minuti flora 528 
Menispermaceae, supplementary notes on 
American 400 

Menispermum dahuricum 513 
Menyanthes trifoUata 237 
Mensfiesia ferruginea 473, 475 
Mesem'bryanthennim cordifoUum 514 
Metaphase stage in colchicinized onion 
root tips 175 

Micranthes mi cranihidi folia 225 
Microbiology of the upper air 1 
Micrococcus aurantiacus 4; candicans 4; 
candidus 5 ; conglomeratus 4, 5 ; coral- 
linus 4, 5; flavus 4, 5; freudenreichii 
4; luieus 4; perflavus 4, rosaceits 4 ; 
suhcitreus 4 

Microthy rites dy so dills 136 
Middleton, John T.: Phytophthora rot of 
Belladonna 244 
Miegia pumila 307 
Mikania scandens 485, 486 
Mimosa invisa 540, 541 
Mitchella repens 224 
Mitella dipliylla 225 

Moldenke, H. N., and B. A. Krukope: 
Supplementary notes on American Meni- 
spermaceae — III 400 
Mollugo verticillata 35-37 
Monarda didyma 223, 224 
Monilia albicans 373; mcialondinensis 373 
Monotropa uniflora 225 
Morphological nature of the photosyn- 
thetic organs of Orchyllium Bndresii as 
indicated by their vascular structure 252 
Mprphological variation and cytology of 
Bromus inermis 467 

Morphology and anatomy of Calopogon 
pulchellus 349 
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Morns Insignis 70 

Moyer, Dorothy, and PAn’^lh IOrn- 
HOLDER: Yitamiu dditlfOicies id" lillv 
yeasts and molds 372 
Mucor ramaniau 190-196? 

Mtiehf cubed' id famnifolla 
Mycodcnna lafarii 373; rini 373, 375 
Myeorrhizomo from the carljouifiM-eus ai" 
Illinois 120 

MyosoUs alpestris 515 
Myrica asplcnifoJia 36-38, 40; rrrifi ra 
485, 486 

Myristica macranfha 540 

Myrtus communis 514; nummularia (>2 

Najas flexilis 127 

Naxjss, Buth N. : Observations on the cul- 
ture of Hemitridiia vespariunij with 
special reference to its black piStsmodial 
color 152 « 

Nephrolepis Mserraia 386, 387; var. fid- 
cans 386; cordi folia 386, 387; cxaUata 
387; Mrsulula 387 
Kerium oleander 515 

Neurospora 605; crassa 610; sliophila 610 
New eonstitueiit in wheat germ oil 599 
New North American Umhelliferae — 1 1 58 
New Species of SpJiacralcca from New 
Mexico 531 

Nomenclatural changes in the genus Cus- 
ciita, and notes on some American spe- 
cies 61 

North American species of Brigeron cen- 
tering about E. spcciosus (Lindl.) DC, 
and E. glabellns Nutt. 265 
North American variations of Distiddis 
spicata 638 

Notes on plants of the Pacific, Islands — 
III 386 

Number of chromosomes in two species of 
Amorphophallus 612 
Nympbaea Candida 513 
Nyssa hi flora 226 

Observations on the culture of Jfcniif ricliia 
vespari'um with special reference to its 
black plasmodial color 152 
Ochrosia elUptica 549 
Oenothera biennis 35, 37; rhombipdala 35 
Oncidium longipes 112 
Opuntia fragilis 238; strict a 514 
Orchyllium Endresii 252-260 
Orchyllium Endresii, the morphological 
nature of the photosynthetie organs of, 
as indicated their vascular structure 
252 

Osmorrlma Cl ay to ni 224 


INDEX TO VOLUME 




BULLETIN OP THE TORREY CLU]|J 


238, 240, 24.1 ,♦ p<mderosa 59; strohiis 
437 

Fiqueria siandleyi 74, 77 
Fistacia mexicana 74 
Flanera aquatlca 226 

Plant succession on abandoned fields an 
the central Wisconsin sand plain area 


Osmotic quantities of tlie cells in the hypo 
eotyl Helianthus annmis seedlings 


Osmiinda (nnrmnomea 223; regalis 
Oxcdis Acetosella 226; m.o'iitana 224. 
Oxydendrum ct^Foreum, 221 
Oxytropis pinetorum 430 


Plant succession on talus slopes in north' 
ern Idaho as influenced by slope ex- 
. posure 473 
Flantago Imweolata 

Flatanus aceroides 226 ; oocidentalis 226f 
orientalis 512 
Flectroiiia vulgaris 517 
Flucliea foetid a 486 

Foa compressa 36, 37 ; cuspidata 224; 
michami 649; pratensis 470, 471; pros- 
trata 649; scoparia 649; texana 649; 
thalassica 649 
Fodophylhm peltatum 224 
Pollen, Gerniination of Maize 449 
Pollen study of two bogs on Orcas Island, 
of the San Juan Islands, Washington 
236 

Polyalthia angustifolia 538 

Folygonum acre 485, 486 ; convolvulus 36 ; 

densiflonim 485, 486 
FolygonaUim liflonim 224 
Folypodiim virginianum 226; vulgar e 226 
Polyploidy in Bedim pulchelhm—l. Gy to- 
geography 26 

Polyploidy in Beduni pulchelhm — II. Sto- 
matal size and freqxiency 261 
Folyporus versicolor 191, 192, 194, 195 
Folysticlium acrostichoides 222, 223 
Fopulus grandidentata 38, 40; trichocarpa 
238 

Porter, C. L.: A new vspecies of Sphaeral- 
cea from Mexico 581 

Fortulaca fosbergii 397; grandiflora 514; 

lutea 397; oleracea 397 
Fotentilla alba 513; palustris 237 
Pratt, Robertson: Influence of tempera- 
ture on the infection of wheat by the 
j)owdery mildew, Frysiplie graminis 
tritici 378 

Preliminary investigation of the North 
American canes (Arimdinaria) 297 
Frimula Auricula 259; obconica 515 
Frospodium conjiinctum 74 
Fsedera quingue folia 436 
Fseudomonas striata 4 
Fseudclepliautopiis spicatus 395 
Fseudotsuga taxifolia 59, 238, 240, 241, 
477 

Fteropliacos pterocarpus 433; tetrapterus 


Facli yrhi^us angtilatus 541; trilobus 541 
Fades virginiana 221 
Fa-nax tri folium 223, 224 
Fanicuui albemarlense 35; aruridmarkie 
69; depauperatum 36; virgatum 485, 


Farmelia aeetahidum 146; cetrarioides var. 
typica 147 

Farthenocissus quinquefolia 222 
Faspalim disticlium 534 
Fassiflc^'a alato-caernlea 514 
Fellea atro'ppirpurea 398, 399; glahella 399 
Fentstemon friiticosus 475 
Fentas carnea 515 
Feramium ophioides 225 
Feriploca graeea 515 
Fersea puhescens 485, 486 
Fliaca Freussii 430, 433; crotalariae 433 
Fliacelia fimbriata 223, 225 
Fhakospora columbiana 519, 520 ; crotonis 
521; hansfordii 523, 525; meibomiae 
523; pacliyrlmi 73, 523; vignae 73, 523 
Flialaris arundinaeea, differentiation in 
red root-tips of 182, 183 
Fliaseolus lathyroides 397; lunatus 523; 

macrolepis 73; vulgaris 263 
FMalopliora verrucosa 376 
Flilox paniculata 515; stolonifera 224 
F’hleiim alpina 470; pratense 470 
Fhragmothyrites cocaeniea 136 
Fhy corny CCS blaheslecanus 193, 369 
Fhyllanihus rcticulatus 527 ; speciosus 514 
Fhy sal is virgmiana 37 
Fhysarum polycephalum 154, 156, 158 
Fhysopclla fid, 79 

Fhytophthora cinnamomi 190 ; erythrosep- 
tica 244; var. atropae 244; parasitica 
244-250 

Phytophthora rot of Belladonna 244 
Ficca rubens 214, 221; sitbhe^isis 236, 240, 


Fichia alcoholophila 373 ; helgica 374, 375; 

Domhrowskii 374, 375 
PiicRCE, J. H., AND H. A: Gleason: Two 
new species of Jlypermm from Colom- 
bia 174', _ . . ' 

Pileolaria standleyi 72, 7^ clemensiae 74 ; 

pistacim 74 ' ; ■, ^ ; 

.Finns albicaulis 477; bank^siana i^f ZB^Q; 
contort a 236, 238, 240, 241; 
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mmniifin capUlamm 486^ 

mclwcarya macrocarpa oZo 

Pueraria Tliomsonu 541; Thunmgima 

PncHnia alia 74; Urheridis-trifoHae 10, 
74. cacao 528; cenchri 527; conochmt 
74’ 77; cuilapensis 74, 77; degener, lu, 
74’. dicittariae 524; dyscUoristes 72, / 5, 
76 - farinacea 75; fuirenae 76; 
tmaefoUae 523; hansfordiana o23-525; 
inaudita 10; U<mrai 529; ^8; 

oahuensis 524, 525; o28; pas- 

* palicola 52i-, proba 10; repentma tO, 

77- ruelliae-boiirgaei, 10; semota 78, 
Jxecionicola 524; spegazeimana 11, IS; 

78; aubstriata 520; tubulosa 
524 ; ugandana 525 ; vagans 527 
V'lindafia 222, 227 ^ . 

%Unm Lharyanmn 248-250 5 
" 248-250 5 248-250 

Onerous alba 226; calvertqnensis 226; elr 
%somiis 40 ; garryana 2ZS; rmerocarpa 
40; 221; Miohauxn 226; moft- 

221; palM 226; pm«s 226; 

vehitina 40, 226 


miUardia linearis 396; lonchophylla 396; 

reficuM . 7 • 

aSortiuu. 225; 

225; recurmtus 224: 

Kapanea crasslramea 647, o48 
Savenelia Usonaia 80; bremapota 521, 
lonchocarpieola 78; mere 78; 

BEBDER, JOHN E.: The status ot EisttcWts 

Eetatio77f certain fungi “ne MO 

Khizopliagites 131; hutleri 128, 129, 1 , 

135- minimesotensis 128, 129, irfi 
Manmella liainanensis 544; ru nnervi 
544 j vitiensis 544 
Bhododendron lapponicum 399 
Bhus glabra 38; toxicodendron 436, 486 

s±rT w’; 

BOBBIN^fwiSlAM J, AND 

Eelatioii of certain fungi to tluamino 
190 

lungl t... 

_« 5 . 

222; ir amends 73; 7i%grol)accus 
ZwercTcheimii 71 
BudbecUa laciniaia 224 ^ 

amoeno 389; graeei^ana 389, nen 

tricosa 389 


Mimex aeetosella 36 , 37 , ^ _ 

Busts, Descriptioris of tropui^—V 68; 

—VI 517 

Miita graveolens 514 

Bntidea nifipiJis 5^9, 523 

Ryan, Francis J.: Crossitl|:-<^vor uiul so<‘" 

Gild cliYisioii segregation lu fungi 

Saccharodendro}} harbatum 22(», 221 
Saecharomnees baifanus 374; Vfdtdss ,L-+ 
Sacciolepis striata 485, 486 ^ ^ 

Sagittaria lalifoUa 486; sagittifolia a.l.> 
SamtpauUa icnaniha 51 a 
Balaeia pack year pa 542 
Salix caprea 514; nigra 485,^486 _ 

Salvia gracUis 75; mocinoi 75; myriaulHn 

75 

Salvinia formosa 226; natans 22i> 

Samanea Samayi 540 ^ 

Samhncus canadensis 486; ^mdanoeayp 
475; pubens 222 
Sariicula europaea 233 
Sarcina flava 4, 6 
Sassafras alhidim 436^ 

Satureia eugeyioides 66 
Saururns ccrnnus 486^ 

Scahiosa caucasica olo 

Sehisonotus argenteus 1/b, -/8, -8 , * ■ 

alpestris 288 ; var. angnsUas^u^ M4_, 
288* vav. dmnosus 281; vai. gnMiu^ - i 
var.’ intermedins 288; var. 

288; var. Mutiaianus 286; artacfoUna 
278 discolor 278; var. d, moans Ml, 
var. fiaaua 284; var. l>uralnanna -M, 
dimosas 281 ,, 

ScJii^osaccliaromyces pombc 3/4, 3/o 
Scliranlcia disiachi/a 540, 541 

Sciadotenia paraensis m; Sagotiana , 

soUnioesana 401 ^ ^ 534. 

Scirpodv'ndron costatum 

bracteata 81; macrocarpa . 
Scleropieris Ulvnoiensis 120 
Schomburgkia lydnsn lOo, iui> 
Seopulariotysis brevkauhs 6 
Scorpidnm scorpioidcs 130 ^ 

Section Sedustniin of bedim 
Sedastrum, section, oi 8cd«m 

290; glabrun. 291; 

incerum 292; p«c;.a.sr«.sr -9. , l«*n ^ 
295; Falmcri 292; riibncanU -M , tu 
qiduni 291 ^ 

Sadtiin, Section 290- 

barrancae -90 , / i ■ ^ 

291; ebractcamn fO, m ^92: 


rubricmde 

Uni- 



674 


BULLETIN OP THE TORREY CLUEf 

/r 


[VoL. 70 


folium 31; nevii 26, 30-32; nuttalU- 
anum ^~32 ; 'paclvucense 295 ; Painteri 
295; pulohellim 26-32; rulricaiCle 290; 
ternatum 29, 225; vigiUmontis 31 
Sedim pulcJiellum, pol|fploidy in 26, 261 
Senehiera didyma 540 
Senecio denticvlatus 524; fulgens 515; in- 
to gerrimus 477; Eiigelii 225; warsce- 
wicsii 69 

Separation of Prigeron from Conyza 629 
Sequoia langsdorfii 136; sempervirens 
337, 341 

Sequoiade7idron giganteum 336, 337 
Sericotheca argentea 286 ; Bow'seiri 282 ; 
concolor 283 ; discolor 278 ; dumosa 281 ; 
fissa 285; franciscana 279; glahrescens 
284; micropJiylla 283; ol)ovata 282; 
pacliydisca 282; saxicola 282; S chaff - 
neri i^81 ; velutina 286 
Serratla pl^moutliensis 4 _ ^ 

Setaria luteseens 36 

Shoot apices of Jthrotaxis mid Taiwania 
335': 

Shortia galacifoUa 515 
Sisyrincliiitin micranthum 535 
Slipp, a. W., and B. B. Baubenmire: 
Plant succession on talus slopes in 
northern Idaho as indueneed by slope 
exposure 473 

Smilax Mspida 222; Walteri i86 
Smith, A. G.: Studies on Pacific Island 
Plants — III. ISTew and noteworthy flow- 
ering xdants from Fiji 533 
Smith, Harriet E. : Polyploidy in Sedum 
pidchelhmi — II. Stomatal size and fre- 
quency 261 

Solanum Dulcamara 515 
Solenostig^na paniculatum 536 
Soli dago altissima 395; axillaris 225; Cur- 
tisU 222-224 

Some fossil fungi from Minnesota 126 
Sorb us occidentalis 475 
Sparganimn eurycarpum 127 
Spergularia marina 388; salina 388 
Spliaeralcea, a new species of from Mex- 
ico 531 

Sphaeralcea e^noryi variaMlis 532 ; pro- 
cera 531, 532 
Sphaerella laciistris 559 
Spinacia oleracea, C-mitosis in 457-465 
Spiraea ar genie a 275, 285y 286; ariae folia 
276, 278, 289; Boursieri 282; discolor 
275, 278, 279; var. ariae folia 278; var. 
dumosa 281; var. glabresccm 284; 
douglasii 236; dumosa 279, 281; fissa 
284; Lindleyana 21 5\^^MO(maWS ‘ 
Bporotriclion schenhi 1w6 


Stachyurus, the genu^ 615-628^ ^ 
Stachyurus cMnensis 507, 616, 618 619 
625-628; var. cuspidatus 618, 619, 627^ 
1628; var. latns 618, 619, 627, 628; cor- 
datulus 617, 619, 621; DticlouxU 
Bsquirolii 618; japonicus 624; hina- 
laicus 615-619, 621-623, 627 ; lancifoliiis 
617, 619, 623; macrocarpus 617, 619 
629; var. prunifotius 617, 624; Matsii- 
^aTcii 617, 619, 623, 628; Hishiniura 
624; obovatus 615, 617, 619, 620; ovali- 
foUus 618, 628; pr as cox 615-617 , 619, 
622, 625, 626, 628; retusus 618, 619^ 
627; salicifoUus 617, 619, 620; Sigey- 
osii 622; yunnanensis 505, 507, 615, 
617-620; yhi. oh ovata 620 ; vm\ pedicel- 
latus 617-619 

Statice Umonium 530; sinuata 530; spi- 
catum 529, 530 

Status of certain anomalous native crab- 
apples in eastern United States 418 
Status of Disticlilis dentata 53 
Stellaria holstea 233 
Stenactis speciosa 268 
Sticta pnlmonaria 14:7 
Structure and development of the shoot 
apex of Ephedra altissima Desf. 15 
Studies on Pacific Island plants — III. 
New and noteworthy flowering plants 
from Fiji 533 

Supplementary notes bn American Meni- 
spermaeeae — -III 400 

Supplementary notes on the American 
species of Erythrina—TL 633 
Sxida alt ernifolia 221 
Swartzia montana 130, 134: 

Symplooas tinctoria 515 
Syndesmon thalictroides 225 

Taenidia integerrima 225 
Taiwania cryptomerioides 337-347 
Talinum paniculatum 537 ; patens 537; 

triangulare 68 
Tamarix pentandra 514: 

Taraxacum Tcolo-saghyz, Macrosporogenesis, 
fertilization and early embryology of 
164 

Taraxacum Icoh-sagliys 164-172; officinale 
164 

Tauschia Ehrenbergii 58; Johnstoniana 
58; StricMandi 58; texana 58 
Taxodium distichum 20, 23, 226, 336, 485, 
486; dubium 226 

Taxonomic revision of the genus Eolodis- 
cus (Bosaceae) 275 a 

Taxonomy of the monogeneric tribe Elva- 
sieae (Ochnaceae) 42 


I 


INDEX TO 


Telitoxi^m, inopinMiim 
The tertiary character of the cove hard- 
wood forests of the Great Smoky Moun- 
tains National Park 213 
Tessenia glabella 273; var. Biibdhcoidea 
■,274 

Thalictrum dioicum 225 
Thamnolia vermictdaris 148 
Thehjpteris palustris 486 
Theobroma Cacao 514 
Theophrasta Jussieui 515 
Thiamine, Relation of certain fungi to 190 
^ Thielavia brasicola 244 
Thomson, J ohn W., J r. : Plant succession 
on abandoned fields in the central Wis- 
consin sand plain area 34 
Thuja heterophylla 240, 241; plicata 237 
Tiarella cordifolia 222, 224 
Tilia americana 226; jacTcsoniana 226; 

neglecta 220, 221 ; tomentosa 514 
Tillandsia usneoides 486 
Timonius kajewskii 393; smithii 
Tium JDrummondii 433; racemostm 433; 
palans 433 

Torulopsis dattila 374; moliscMana 374; 

sphaerica 374, 375 
•Tovara virginiana 224 
Tracy Elliot Hazen 559 
Trichophyton acuminatum 376; discoides 
376; faviforme 376; mentagrophytes 
376; ruhrum 376; sulphureum 376; 
molaceum 376 

Trichothyrites pleistocaenica 133, 135, 
137 

Trichovalesia canescens 46 
Trillium erectum yox. album 224; grandi- 
florum 225 

Trinomial typieus, What is the? — 310; 
II 406 

Tripsacum dactyloides 470 
Triticum vulgare 384 
Tritonia crocosmiaefiora 535 
Trollius laxus 513 

Tsuga canadensis 220, 221; heterophylla 
236 

. Tulipastrum acuminatum 221 
Two new species of Hypericum from 
Colombia 174 
Typha latifolia 485, 486 
Typieus, What is the trinomial? — -I 310; 
II 406 

TJlmus alata 226 ; basicordata 226 
Umbelliferae, New North American- — II 
. ■ ^ 58 

TJniola distichophylla 649; maritima, 649; 
palmeri 649; spicata. 649; stricta 638, 
645,649 


Urarig lagopudiotdt x 523 
V redo ce Itchy ivuhi 527; cissl^ola 527; 
colubrinae 79; digitatiuccohi 524; eii- 
tandophragmae 527 ; f mgy(ffifidico!(i 
528; erylhrinac^i^; eulaliae-fuivae .521?: 

Jiema 79; kigeziensis 527; m achat rd 
79; machaeriicola * nit'Unidi.s 528; 
mira 528 ; morobeana 528, 529 ; miirhlt w- 
becMae 80;,obnixa 80; obroliftn HO; 
pusilla 79; . Qtuichensis 80; relssckUw 
79; roitbocllii 528 

Uromyces calopogonii 80, 81; camtdi n.s 
526; congovnsis 530; floral is 530; goya- 
zensis 530; hobsoni 526; limonii 530; 
natrassii 529, 530; pusl Hiatus 525, 530; 
rhodesicus 530; scleriac 81; slat ins- 
mucronutae 530 
Uropyxis diphysae 81 
XJrUcastrum dwarieaium 222-224 
Usnea barbata 142; ceraiina 142; diffrata 
142 ; japonica 146 * 

Vtricularia biflora 486; hryopliyUa 252; 
cornuta 252, 259; gibba 486; montnna 
252, 256-259 


Vaccinium arhoremn 226; esrynibosim 

515 

Vagnera racemosa 225 
Validallium iricoccum 224 
Vaselia quinqueloba 45 
Vaseyochloa mulUnervosa 649 
Veratrum viride 224 

Viburnum lantanoides 222; scabrellum 486 
ViLKOMERSON, HiLDA ; Chromosomes of 
Astragalus 430 

Viola blanda 222, 224; canadensis 92, 96, 
97, 100, 101, 103, 224; coyisptrsa 102; 
cucullata 225; eriocarpa 225; hastala 
224; odorata 92, 95, 97-103; pallens 
225; papilionacea 93, 94, 96, 98-103; 
Biviniana 102; rostrata 224; rotundi- 
folia 225; sororia 222, 224; striata 92, 
97-103; tricolor 94-103; var. florairen- 
sis 92; var. lutea 92 

Viola, Experiments in the grafting of 
species in the genus 91 
Vitamin deficieneies of fifty yeasts and 
molds 372 

Vitis aestivalis 222, 436 ; bicolor 436 : 
labrusca 4:^6', mlpina AW 

Wallia cinerea 221 

Warmke, H. E. : Macrosporogenesis, fer- 
tilization and early embryology of 
Taraxacum Isolc^saghyz 164 
Wedelia acapJ \en sis 76, 68; fllipcs 76 
What is the tm!i»mial typieus? — I 310; 
II 406 
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Wheat germ oil^ A new constituent in 599 
WiTKUSj R., AND C. A. Berger: A 
cytological study of e-mitosis in the 
polysomatic plant . Spinaeia oleriicea, 
with comparative observations on Al- 
Uim cepa 457 

Wole, Fred T?: Microbiology of the upper 
air 1 

Wolffiella floridana 485, 486 ■ 

Woodwardia areolata 486,* virginica 486 


Xylopliacos Casci 43R" 

Xylopia pacifica 538, 539 • vitie 
Xylosoma Archholdianim 546 ■ 

■ 545, 546 - ’ 

Xyris communis 486 

Yuncker, T. G.: Nomenelatural 
in the genus C use ut a and noteB 
American species 61 

ZanichelUa palustris 127 
Zea mays 449-456 
Zma Be'bMi 225 
Zygopetalim madkayii 112 


Xenatnm umtellatim 225 
Xerophylhm tenax 475, 477, 478 
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A SERIES of technical papers on subjects of fundamental importance, and of 
greater length than can generally be accommodated by botanical journals. 

The first MImoir was published on the 25th of May, 1889. Since then 
they hav% continued to appear at irregular intervals. During this time 46 
Memoirs have been published. Among them are included some of the most 
outstanding original contributions to the development of botanical science. 

Examples OP Recent Memoirs OP 
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Tryman G-eorge Yuncker. The Genus Cuscuta. Pages 109-330, figures 
1-15S, Vol. 18, No. 2. 1932. Price $4.00. 
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figures ISS. 1938. Price $2.00. 
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The scientific approach to cieari- 
ing delicate optical surfaces 


deliberately smeared 10 minims of maehine oil on a ('ondenser lens 
and removed every vesti^^e of it with two sheets of dry tissue" — lohn 
Adam N. Y. Post, 1/14/43 in his eohimn '‘Ph(?to<rraphy 

BOSS-- AD AMS Lens Tissues repre- WM A 

sent a'radieal departure from the 
usual .Japanese style lens tissues, ^ 

They are smooth, dense and thin as ^ if 
compared with -the soft, porous Jap- 
anese style lens tissues. Some of 2a 

tiif^^eatii^TK ar^ ^ 

‘ thereby tencUng. to prevent abrasive 
■dust particles from becoming embedded w Z IBr " Wt JO, ^ 
in- tlid ‘paper. They have an unusual , Jailfe jBB'A 

grease-absorbing quality, easily remov- « 

. , iiig tingermarks and ' other oils and 

■ greases from lenses. Unlike soft and ^ . . -d- u* 

p.OLOUS lens tissues, ROSS— ‘ADAMS tis- grapii 60 X showing graph 60 X showing 
sues .\y ill not permit body oils from the loose construction of dense smooth structure 
fingers to smear the "surface being regular lens tissue, of ROSS- AD AMS 
cleaiuHlv This i)roperty can be readily ^ 

tested, by Aviping eyeglasses. A . single w 

sheet will effectively clean a much A-1560 EOSS-ADAMS Lens Tissue, 
greater area tluin will soft tissues which standard size, 100 3 x 6 '' sheets 

usually require several thicknesses. The in a handy dispensing card- 

tissues are free of vegetable or mineral board carton Each 35c 

filler and completely non-abrasive. The ^ ^ 

density and great strength of these tis- A-1562 EOSS-ADAMS Lens Tissue, 

sues eliminate the breakdown of the economy size, 300 4 / 4 X 6 

liljrGS or* sliOBts in 3-' li 3 ,iiuly (lispciisiii§j 

■ * cardboard carton . .. Each $1.00 

ROSS-ADAMS Lens Tissues are now . •RA«i< 4 .«AT»Aivrq t.ahq 

.idel, u.cKl by our armed foreee and f^OS^DAMS 

l>y manutaetnrors of precision optics, sheets in a cardboard Hoi 

and lia.vo been tested and approved by ^3 00 

' independent laboratories, various U. S. 

QUANTITY DISCOUNTS: 


PARTIAL LIST OF USES: Photo- 
graphic Lenses, Binoculars, Range 
Finders, Goggles, Telescopes, Glass 
■ and Metal Mitrors and Reflectors, 
Highly polished metal surfaces such 
as . metallurgical specimens, Color 
A Standards, Microscope Slides, Micro- 
® scope Lenses, Projection Lenses, 
Condenser Lenses, Protective Glass 
! Shades, Eyeglasses, Lantern Slide 
'■ Glasses, Microscope Cover Glasses. 
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f ALCONOL ^ 

Cleans Slides and Cover Glasses to 
Sparkling Brilliance 

Alconol, the modern wetting agent cleanser, is proving its 
worth in hundreds of laboratories where clean glassware is 
so essential. 

Unlike strong acids, Alconol is not dangerous to use. Its 
action is physical rather than chemical. Alconol is eco- 
nomical. A 3 lb. package makes 48 gallons of cleaning 
solution. 

Send for Free Samples. 

Per package of 3 Ib $1.25 

„ Per carton of twelve 3 lb. pkgs 12.50 

F.O.B. New York City 
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A Message to Biologists 

if 

Some biologists take Biological Abstracts for granted. It’s just one of 
those things, they, couldn’t, very well get along without— but they don’t 
riop to think that they have any responsibility in. the matter. 

. , If Biological Abstracts were discontinued what would it mean to you? 
-^hdw would you keep abreast of all the important literature in your field? 
Many leading scientists have said that Biological Abstracts is one journal 
’ they just could not afford , to dispense with. 

Biological Abstracts is the biologists journal. It is a co-operative, non- 
profit enterprise published by biologists themselves. As a result of the 
war many foreign subscriptions .were lost and if this invaluable abstracting 
. service is to be continued, without interruption, the loss, must be made up 
in the Western Hemisphere:^^ ^ 

. Biological Abstracts &cth(^.s\xip^Qrt oi eYeTcy biologist. Send 

‘youir Subscription or copy now. It is published in five 

' ^w pjdoe4 sections in addition tp; the 
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